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Abstract 
Improving the understanding of conventional and alternative management practices and 
their interactions on aggregate-derived particulate organic matter (POM) fractions and soil 
hydraulic properties, particularly infiltration, is instrumental to soil and groundwater 
management and long-term sustainability in the Lower Mississippi River Delta (LMRD) region 
of eastern Arkansas. The objective of this long-term wheat (Triticum aestivum L.)-soybean 
(Glycine max [L.] Merr.), double-crop (WSDC) field study in a silt-loam soil (Glossaquic 
Fraglossudalf) in the LMRD region of eastern Arkansas was to evaluate the effects of 
conventional and alternative management practices, including wheat-residue level, residue 
burning, tillage and irrigation, on i) POM fractions and the distribution of C and N among POM 
fractions, including the total POM, light fraction (LF) and intra-POM (iPOM) fraction, in the top 
10 cm of soil after 14 years of consistent management and ii) falling-head and tension infiltration 
after 11 and 14 years of consistent management. Long-term treatment combinations affected (P < 
0.05) several macro- (53-250 µm) and micro-aggregate-(<53 µm)-derived coarse and fine POM 
fractions. Averaged across tillage and burn treatments, the coarse LF C content was 20.3% 
greater (P ≤ 0.02) in the irrigated-low- (107.3 g m-2) compared to the irrigated-high-residue (89.2 
g m-2) and 65.4% greater than in the non-irrigated treatment combinations, which did not differ 
and averaged 64.8 g m-2. Adjusted for differences in initial volumetric water content (VWC) 
across sampling dates and averaged across burning and tillage, the falling-head overall 
infiltration rate in the 2012-non-irrigated-high-residue combination (8.3 cm hr-1) was 2.7 times 
greater (P = 0.02) than the combined average of all 2015 irrigation-residue-level combinations, 
which did not differ and averaged 2.2 cm hr-1.  The effects of alternative management practices 
in a WSDC on POM fractions’ C and N contents and water infiltration can lead to greater C and 
N storage as well as direct and indirect improvements in soil health, aquifer recharge, and crop 
yields in the LMRD region. 
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Introduction 
 Agricultural sustainability attempts to implement agricultural technologies and practices 
that lead to improved food production while improving environmental conditions (Pretty, 2008). 
Soil health, the capacity of a soil to sustain or promote plant and animal health and productivity 
while maintaining or enhancing water and air quality, is an important parameter for agricultural 
sustainability (Doran, 2001). Sustainable agricultural production may only be achieved when 
natural resource capital (NRC) [i.e., top soil, soil organic matter (SOM), soil fertility, soil health, 
groundwater, etc.] is consumed in equilibrium with the rate of replenishment (Hawkens et al., 
1999). Agricultural production practices resulting in an increased rate of NRC replenishment can 
subsequently increase NRC consumption without diminishing agricultural production for future 
generations. Therefore, increasing the natural capital of soils can lead to a multitude of benefits 
including increased fertility, water storage capacity, infiltration, and organic matter resulting in 
greater yields, decreased runoff, reduced nutrient pollution, and greater carbon (C) sequestration, 
respectively. The water and residue management practices a producer chooses to implement 
influence soil and agricultural sustainability by reducing or increasing greenhouse gas emissions, 
carbon sequestration, and soil health. 
 In several agricultural regions around the world, water stress concern is increasing 
(Falkenmark, 1997), with no exception to the Mississippi River Delta region of eastern Arkansas 
as aquifers are predicted to be depleted by 2050 (Scott et al., 1998). Agricultural management 
practices that result in increased water-use efficiency, reduced dependence on irrigation, and 
increased soil water-holding capacity can mitigate potential losses in production due to water 
shortages. Investigating infiltration under different common agricultural management practices 
can provide useful insight into which management practices increase the rate of soil water 
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replenishment and storage. Water management also closely affects organic matter 
decomposition, which, in turn, affects gaseous losses of C and nitrogen (N) from 
agroecosystems. 
 Greenhouse gases (GHGs), including carbon dioxide (CO2), methane, and nitrous oxide, 
trap radiation that would otherwise leave earth’s atmosphere resulting in increased atmospheric 
temperature in a process known as the greenhouse effect. In 2014, the agricultural sector 
accounted for 8.3% of total US GHG emissions with agricultural soil management accounting 
for the largest proportion of emissions (EPA, 2016). An understanding of agronomic 
management practices and how they affect the physical sequestration of organic matter within 
soils can help lower agricultural GHG emissions in the Mississippi River Delta region of eastern 
Arkansas and elsewhere.  
 Soil organic matter degradation is influenced by several environmental conditions 
including temperature and moisture (Franzluebbers and Doraiswamy, 2007), and is influenced by 
agricultural management practices. For example, burning leftover residue after harvest can 
reduce soil moisture content due to the hydrophobic qualities of ash and the lack of soil cover 
resulting in increased evaporation. Additionally, management practices, such as no-tillage, can 
reduce soil disturbances leading to less microbial degradation of SOM compared to conventional 
tillage. Management practices that decrease soil disturbances and increase/retain surface residue 
can increase SOM and subsequently increase soil C sequestration, thus reducing the C footprint 
of agricultural land (Six et al., 2004). A long history of cultivated agriculture in the Delta Region 
of Arkansas likely reduced infiltration capacity and soil health through management practices 
that disturb soil structure and increase SOM degradation. However, a gap in scientific knowledge 
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exists as to how agricultural management practices and their combined effects can influence 
accumulation of SOM within and around soil aggregates.  
Soil aggregate formation and resulting stability are important mechanisms for soil C 
storage. Soil aggregates are conglomerations of soil particles and organic matter held together 
with more stability than surrounding unconsolidated soil. An aggregate’s ability to resist the 
destructive forces of tillage, raindrop impact, wind, and water erosion is known as aggregate 
stability (Kemper and Rosenau, 1986). Aggregate stability provides several benefits including 
increased infiltration rates, reduced erosion, beneficial conditions for root growth, and physical 
protection of SOM, thus increasing soil organic C (SOC) by lowering exposure to oxidation, 
erosion, and microbial degradation (Wander and Bidart, 2000). Soils with increased inputs of 
organic matter and reduction in physical disturbances result in increased C and subsequently soil 
fertility (Six et al., 2000; Franzluebbers and Doraiswamy, 2007). Management practices that 
increase aggregate stability and induce beneficial conditions for physical entrapment of organic 
matter within and around aggregates, subsequently reducing microbial degradation, can reduce 
CO2 released from the soil. Differences in particulate organic matter (POM) fractions, including 
inter-aggregate (i.e., organic matter between aggregates) and intra-aggregate (i.e., organic matter 
within aggregates), within micro- and macro-aggregate fractions due to alternative management 
practices can be indicative of soil and agronomic benefits. These differences can in turn help a 
producer in the Delta region of eastern Arkansas make informed decisions and choose 
management practices that increase SOM, soil fertility, and infiltration. Therefore, studying the 
effects of common agricultural residue and water management practices on POM among 
aggregate-size fractions and surface infiltration will contribute to sustaining soil health and 
agricultural productivity in the Delta region of eastern Arkansas for future generations. 
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Literature Review 
Soybean Production 
 From 1965 to 2013, in the United States (US), soybean (Glycine max [L.] Merr.) 
production area more than doubled from approximately 14 million to about 34 million ha, with 
an increase in grain yield from an average of 1.6 to 3.5 Mg ha-1 (USDA-NASS, 2016). Along 
with better fertilizer use efficiency, integrated pest management strategies, and innovations in 
farming equipment, this increase in productivity can be attributed to genetically modified (GM) 
varieties which increased yields and reduced weed pressure. The GM varieties such as 
glyphosate-resistant soybeans further reduce weed pressure and cover 93% of production area in 
the United States (USDA-NASS, 2013). Soybean is currently the second most widely grown 
crop in the US and the most widely grown commodity crop in Arkansas accounting for 40% of 
the agricultural income and over 15% of total Arkansas state income (USDA-NASS, 2014).  
 Arkansas’ agricultural row-crop production is primarily located in the eastern half of the 
state known as the Arkansas Delta. Within the Arkansas Delta, soybean production is primarily 
located in the Southern Mississippi Alluvium [Major Land Resource Area (MLRA) 131A], 
specifically in Mississippi, Poinsett, Clay, and Craighead Counties (NRCS, 2006). Conventional 
management practices in the Arkansas Delta include conventional tillage (CT), irrigation, and 
use of GM varieties along pesticides for weed control and have led to degradation in soil organic 
matter and aquifer depletion (Scott, 1998; Six et al., 2004). Conversely, conservation 
management practices such as no-tillage (NT), dryland production, and abstaining from burning 
post-harvest residue can subsequently decrease runoff and erosion, decrease groundwater 
depletion, and increase organic matter (Dabney, 1998; Six et al., 2004). Most commonly, 
soybeans are grown in full-season mono-cropped production. However, of the 1.3 million ha of 
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soybean planted in Arkansas in 2013, 16% were planted in a double-crop system (USDA-NASS, 
2013). In addition to providing a profitable winter cover crop, a wheat-soybean double-crop 
(WSDC) can reduce insect pressure, diseases, and weeds associated with mono-cropped soybean 
seasons from an alternative early season host plant and a later soybean season group (Anderson, 
1998). However, certain inherent disadvantages result from WSDC production.  
Although soybean yields result in the greatest profitability, a shortened growing season in 
a WSDC can limit economic feasibility. Selecting an early maturing high yielding soybean 
variety climactically adapted to later planting dates is ideal for the shortened growing season 
associated with WSDC (Kyei-Boahen and Zhang, 2006). Even though a reduction in yield and 
subsequent profitability is probable, the additional profit derived from wheat yields can negate 
potential losses.  
 
General Soil Properties and Climate of the Arkansas Delta 
Arkansas Delta Region 
 Consisting of alluvial depositions from the Mississippi River, the Arkansas Delta is ideal 
for agricultural production. The Arkansas Delta region consists mostly of Major Land Resource 
Area (MLRA) 131A (Southern Mississippi River Alluvium) and significant portions of MLRA 
131B (Arkansas River Alluvium), MLRA 131D (Southern Mississippi River Terraces), and a 
small portion of MLRA 134 (Southern Mississippi Valley Loess) (USDA, 2006). Major Land 
Resource Area 131A extends into 26% of Arkansas, making up a large portion of the Lower 
Mississippi River Valley Delta region of eastern Arkansas along the Mississippi River, south of 
the Ohio River confluence. Maximum local relief observed is 5 m with relief being lower in most 
of the areas due in part to land leveling for agricultural production (USDA, 2006). Annual mean 
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air temperatures in the region range from a January minimum of 4.2 ˚C to a July maximum of 
27.5˚C, and averages 16.6˚C (NOAA, 2017). Annual precipitation averages 128 cm based on the 
30-year annual mean from 1981 to 2010 (NOAA, 2017). The Delta region’s flat topography and 
warm, wet climactic factors make for a highly agriculturally productive area. 
 
Soil Formation and Characteristics 
 Eastern Arkansas soils consist of rich, alluvial deposits formed in the late Holocene 
epoch after depositional events from flooding of the Ohio, Mississippi, and Arkansas Rivers 
(Foti, 1974). Spatial soil textural variability is prevalent due to the nature of differential alluvial 
depositions, where coarser particles settle out of suspension more rapidly as floodwater velocity 
slows (Allen, 1965). In eastern Arkansas, sandy and loamy sediments, which settled out of 
suspension rapidly, formed low ridges and natural levees near water channels (NRCS, 2006). 
Soils situated in low landscape positions predominantly have clay and fine silts, as these 
sediments settled out of suspension more slowly and formed finer-textured soils (Scott et al., 
1998). Soils in MLRA 131A, Southern Mississippi River Alluvium, include Alfisols, Vertisols, 
Inceptisols, and Entisols with thermic soil temperature regimes and primarily an aquic soil 
moisture regime. Clay mineralogy is primarily smectitic with mixed sand and silt (NRCS, 2006). 
Additionally, MLRA 131B, Arkansas River Alluvium, is located in the southern Arkansas Delta 
region with dominant soil orders including Vertisols, Alfisols, Inceptisols, and Entisols. Soils 
generally have a thermic soil temperature regime and aquic soil moisture regime with smectitic 
clay minerology and range from poorly drained to well drained loamy or clayey textures (NRCS, 
2006). Southern Mississippi River Terraces, MLRA 131D, consists of gently sloping terraces in 
the central and southern section of the western part of the eastern Arkansas Delta. Alfisols 
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predominate this MLRA with a thermic soil temperature regime, ustic or aquic soil moisture 
regimes, and mixed minerology (NRCS, 2006). In addition, a significant portion of the Delta 
region of eastern Arkansas consists of MLRA 134, Southern Mississippi Valley Loess, formed 
from several loess depositional events. The dominant soil orders include Alfiosols, Entisols, 
Inceptisols, and Ultisols with a thermic soil temperature regime, udic soil moisture regime, and 
mixed minerology (NRCS, 2006). Topographically, eastern Arkansas is ideal for large-scale 
mechanized agriculture, as the landscape is level to depressional with gently undulating plains. 
Local relief varies less than 4 m in most areas (NRCS, 2006). 
 
Climate 
 The dominant soil temperature regime in eastern Arkansas is thermic (NRCS, 2006). In 
Stuttgart, AR, average air temperatures are indicative of high-humidity conditions with the mean 
maximum daily air temperature exceeding 32˚C in July, the mean minimum daily air temperature 
dropping below 1˚C in January, and the normal daily range of air temperature being 
approximately 6.7˚C throughout the year (Scott et al., 1998). The average annual rainfall in 
eastern Arkansas ranges from 118 cm yr-1 at Saint Francis in the north to 134 cm yr-1 at 
Monticello in the south, with most weather stations reporting approximately 135 cm yr-1 (Scott et 
al., 1998). However, most of the rainfall occurs in March, April, and May with substantially less 
precipitation in June, July, and August, which, when combined across these three months, 
accounts for only 22 cm yr-1 of rainfall (Scott et al., 1998). 
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Agricultural Sustainability 
Soil Organic Matter 
Soil organic matter, the proportion of organic residue found within soils that resists 
microbial degradation, provides several agronomic and environmental benefits. The largest 
terrestrial reserve is present in soil organic matter in the form of SOC (Follet, 2001; Lal, 2000). 
Soil OM consists of many OM fractions, including particulate organic matter (POM), a partially 
stabilized organic residue fraction, which provides agronomic and environmental benefits and is 
heavily influenced by management practices. As a C pool, SOC is several fold greater than the 
atmospheric C pool (Brady and Weil, 2008), with the C content of SOM predicted to hold three 
to four times that of the atmosphere (Stevenson, 1986). Conventional agriculture releases large 
portions of SOM to the atmosphere as CO2 that would otherwise resist microbial degradation to 
CO2 within undisturbed ecosystems. 
Depletion of the SOC pool as a result of land-use change from undisturbed ecosystems 
(i.e., forests and grasslands) to cultivated agriculture has released approximately 78 Pg C to the 
atmosphere since 1750, largely due to conventional tillage practices (Lal, 2004b). Eastern 
Arkansas has suffered from a decrease in SOM since the introduction of agricultural practices 
including residue burning and conventional tillage in comparison to forage, turf, and undisturbed 
native prairie soils (Delong et al., 2003; Brye and Pirani, 2005). Prior to the introduction of 
cultivation, eastern Arkansas was covered by forested wetlands, which likely accounted for large 
accumulations of SOM and SOC (Stanturf et al., 2000). However, current conventional 
agricultural management practices in eastern Arkansas deplete SOM and oxidize SOC (Brye and 
Pirani, 2005; Brye et al., 2006b). Conventional agricultural management disturbs the soil and 
breaks apart aggregates and inhibits stable aggregate formation, of which would otherwise 
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contribute to an increase in SOC. Undisturbed prairie soils in eastern Arkansas have much 
greater OM concentration ranges of 4.6% to 6.5% in the top 10 cm compared to lower 
concentrations in adjacent tilled agriculture of 2.1% to 3.6% in the top 10 cm (Brye and Pirani, 
2005). Undisturbed prairie soils in eastern Arkansas have much greater SOM and C 
concentration ranges of 0.46 to 0.65 g OM kg-1 and 0.23 to 0.32 g C kg-1, respectively, in the top 
10 cm (Brye and Pirani, 2005) compared to lower concentration ranges of 0.21 g OM kg-1 and 
0.11 g C kg-1 in the top 15 cm for cultivated cropland soils (DeLong et al., 2003). Alternative 
agricultural management practices can maintain or increase SOM concentrations and increase C 
sequestration in the soil by rates of 0.1 to 1 Mg C ha-1 yr-1 (Morgan et al., 2010). However, C 
sequestration by soils can be dependent on soil properties and climatic conditions. 
Soil OM decomposes at an average rate of 5% or less per year, but can increase or 
decrease from the average depending on environmental conditions (Luo and Zhou, 2010). 
Climatic factors that are beneficial for soybean production can also make SOM more susceptible 
to oxidation and decomposition under cultivated agricultural management (Reicosky et al., 1997; 
Brye et al., 2004). Soil OM generally increases in fine- compared to coarse-textured soils (Luo 
and Zhou, 2010) and in cool and wet compared to hot and dry conditions (Lal, 2004a). Certain 
agricultural management practices result in rapid decrease in SOM content due to removal of 
residue or oxidation of soil C due to tillage (Follet, 2001; Lal, 2004a; Morgan et al., 2010). 
Tillage is believed to influence SOM dynamics through three major actions including i) changes 
in the soil climate, ii) incorporation of SOM in the soil matrix, and iii) periodic disruption of soil 
structure (Balesdent et al., 2000). Conservation tillage and alternative residue management have 
the potential to dramatically increase SOC accumulation (Lal and Bruce., 1999). 
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In the warm, moist climatic region of the southeastern US, including Arkansas, adding 
cover crops to conservation tillage can nearly double the rate of soil C sequestration due to 
significant surface residue additions (Franzluebbers and Follett, 2005). By implementing 
conservation strategies and best management practices, global potential C sequestration through 
SOC could increase by 0.9 ± 0.3 Pg C yr-1, with a collective potential of 30 to 60 Pg within 25 to 
50 years (Lal, 2004b). In addition to C sequestration, storing C in the soil as SOM can improve 
soil quality in several ways, including improved soil fertility through 
mineralization/immobilization turnover of N and other essential nutrients and water cycling 
through better aggregation and water-holding capacity (Franzluebbers and Doraiswamy, 2007; 
Follett et al, 2001). Increases in SOM are also directly related to a decreased need for fertilizer 
and irrigation inputs (Magdoff and Weil, 2004).  
 
Cover Cropping 
 Planting cover crops through the winter, as opposed to letting a field lay fallow, 
effectively reduces the degradation of soil health by protecting SOM and structure. The benefits 
of cover crops have been known and revered for at least three millennia (Lal, 2015). Cover crops 
provide a plethora of benefits including reduced incidence of pest problems, decreased weed 
seed bank, and increased SOM and water-holding capacity (Bellinder et al., 2004; Dabney, 1998; 
Dabney et al., 2001). Additional benefits of cover crops include lower soil erosion, decreased 
water runoff, increased infiltration (Brill and Neal, 1950), and increased soil C sequestration. 
Through improving soil quality parameters, cover crops effectively control insects, diseases, and 
weeds by cycling nutrients and breaking pest cycles (Anderson, 1998; Osteen et al., 2012). 
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Agricultural Water Use 
Agricultural irrigation accounts for 75% of freshwater use worldwide, yet salinity and/or 
water-logging have damaged 10 to 15% of irrigated land resulting in pressure for intensification 
of current agricultural production and extensification, defined as bringing non-agricultural land 
into production (Bennett, 2000). Groundwater withdrawals from the Alluvial Aquifer, the 
shallowest and main groundwater aquifer used throughout the cultivated agricultural areas in 
eastern Arkansas, continue to exceed the recharge rate, thus groundwater is predicted to be 
exhausted by 2050 (Scott et al., 1998). Infiltration is the first step towards groundwater recharge; 
therefore, management practices that increase infiltration can lead to increased groundwater 
recharge, particularly for the shallow Alluvial Aquifer. 
 
Wheat-soybean, Double-crop Systems  
 Winter wheat (Triticum aestivum L.) is commonly paired with soybean in Arkansas 
double-crop systems (ASPB, 2001). In an Arkansas WSDC system, soybean is planted soon after 
wheat harvest, tillage, and/or stubble burning typically between May 25 and June 20. Soybean is 
then typically harvested between October 15 and November 9, followed by wheat planting soon 
thereafter (USDA-NASS, 2008). Conservation tillage practices have significantly increased in 
soybean double-crop systems from 41.7% under no-tillage in 1989 to 71.5% by 2008, while 
soybean planted area in WSDC systems has also increased by almost 5000 ha yr-1 in Arkansas 
(CTIC, 2004). No-tillage is a tillage system in which the soil is left undisturbed from harvest to 
planting apart from seed planting, which is accomplished via direct drilling or by cutting a 
narrow slit to drop the seed into (CTIC, 2004). Increasing the use of WSDC systems with 
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conservation management could provide a method to sustainably maintain and/or intensify 
agricultural productivity in the Delta region of eastern Arkansas.  
 
Soybean Monoculture vs. WSDC 
Double-crop production systems reduce nutrient leaching and provide soil cover as well 
as many other ecological advantages over monocultural production systems (Scott et al., 1998). 
The WSDC system experiences a shortened soybean growing season due to the time needed for 
wheat to achieve a harvestable stage. The reduced soybean growing season in a WSDC system 
subsequently decreases soybean biomass and harvestable yield (MacKown et al., 2007). 
However, harvesting wheat for hay instead of grain can provide an alternative to advance the 
harvest date by up to six weeks. Several studies reported the net profit from the WSDC system to 
counter the loss in soybean yield (Kyei-Boahen and Zhang, 2006; Kelley, 2003). Additionally, a 
WSDC system under non-burn and NT management reduces energy expenditure and, with 
subsidies from government farm programs that encourage conservation practices, could further 
increase profitability (Verkler et al., 2009). With minimal soybean loss, additional revenue from 
wheat harvest, reduced production costs with NT, and subsidies for conservation practices, a 
WSDC system can provide both an economically and environmentally viable solution to 
increasing agricultural production without depleting long-term soil health. 
Although soybean mono-cropping has produce higher yields than WSDC (Coale and 
Grove, 1990), WSDC have shown competitive yields, greater total grain production, and greater 
economic return (Crabtree et al., 1990; Kelley, 2003). A 3-yr study in Lexington, KY on a 
Muary silt loam soil (fine, mixed, mesic, Typic Paleudalf) reported mono-cropped soybean 
yielded more than double-cropped soybean (Coale and Grove, 1990). Although, in a 12-yr, 
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WSDC study in Bixby, OK on a Wynona silt loam soil (fine-silty, mixed, active, thermic 
Cumulic Haplaquoll), double-cropped soybean were shown to be more efficient than mono-
cropped soybean at producing more total grain and yields were sustained throughout the study 
(Crabtree et al., 1990). In fact, one year the double-cropped soybean had a slightly greater yield 
than mono-cropped soybean, which was attributed to timely rainfalls during early August to mid-
September (Crabtree et al., 1990). A 10-yr field study in southeastern Kansas on a silt loam (fine, 
mixed, active, thermic, Mollic Albaqualf) reported a WSDC system to provide a greater 
economic return compared to full-season soybean rotations (Kelley, 2003). 
 
Residue Level Management 
 Rates of surface residue above 0.37 Mg ha-1 reduce runoff and soil loss almost entirely, 
as surface residue protects soil aggregates and inhibits crusting from raindrops (Mannering and 
Meyer, 1963). Fertilizer additions increase the plant-available nutrient supply and can lead to an 
increase in crop residues, specifically roots and stubble, thus leading to an increase in SOC 
content (Malhi and Gill, 2002). Depending on available income, a producer may supplement 
wheat with applications of N fertilizer to optimize yields and harvest for grain, although 
unfertilized wheat can be used solely for the benefits associated with winter cover cropping. Split 
applications of N effectively increase N uptake and wheat yield by reduced N loss through 
leaching and denitrification (Sripada and Weisz, 2009). However, long-term N fertilization can 
result in soil acidification, partially due to microbial oxidation of ammoniacal fertilizers that 
release hydrogen ions (Avila et al., 2005; Barak et al., 1997).  
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Residue Burning 
Traditionally, soil surface residues have been associated with mechanical planting 
difficulties, poor stand establishment, decreased efficacy of herbicides, and release of growth-
inhibiting allelopathic compounds, all of which can result in yield reductions (Sanford, 1982; 
Hairston et al., 1987). As a result, crop residues, particularly wheat residue, are viewed as a 
nuisance and are commonly burned or plowed under followed by disking to prepare the seedbed 
for double-cropped soybean (Sanford, 1982; Heatherly et al., 1996; Kelley and Sweeny, 1998; 
Prasad et al., 1999). In the mid-southern US, wheat residue burning in WSDC system is a 
widespread practice (Frederick et al., 1998; Sanford, 1982). 
 
 Residue Burning Effects on Soil Properties 
 The common practice of wheat residue burning has been shown to control weeds, 
immediately release certain nutrients, destroy phytotoxic chemicals, and reduce immobilization 
of N (Hairston et al., 1987). A wheat-fallow study in New South Wales, Australia on an Alfisol 
with a sandy-loam texture (15% clay) in the top 20 cm over red brown earth clay subsoil 
containing 60% clay observed an ash-bed effect, which increased soil pH and potassium (K), 
decreased weed and disease pressure, improved seed germination, and increased yields compared 
to non-burned treatments (Chan and Heenan, 2005). However, burning residues is a matter of 
convenience for planting and is widely believed to provide little to no agronomic benefit 
(NeSmith et al., 1987). In addition, environmental concerns of residue burning decrease the 
viability of the management practice. 
Burning of dead plant material releases a significant amount of CO2 and particulate 
matter to the atmosphere, as well as removal of much needed C and other nutrients from the soil 
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(Prasad et al., 1999). However, a legislative ban on residue burning may eventually effect the 
mid-South, as rice (Oryza sativa L.) residue burning has been banned in California (CARB, 
2004) due to negative health and environmental effects. A 21-yr oat-stubble (Avina sativa) study 
on a Melfort silty clay (orthic Black Chernozem) in Melfort, Saskatchewan concluded that long-
term burning inflicted a slow, cumulative loss of N, P, sulfur (S), and boron (B) from the top 15 
cm (Biederbeck et al., 1980). 
 
Burning Effects on Yield and Economic Return 
 Burning wheat residue has been shown to increase wheat grain and subsequent crop 
yields in several studies (Biederbeck et al., 1980; Daniel and Scott, 1991; Hairston et al., 1987; 
Heatherly et al., 1996; Sanford, 1982). In an wheat-stubble study in Saskatchewan, Canada on a 
silty clay (othic Black Chernozem), a clay (orthic Black Chernozem), and a loam (orthic Brown 
Chernozem), burning was reported to increase wheat yield in fertilized and unfertilized control 
treatments, but had a cumulative effect of decreasing yields in the unamended control over 17 
years (Biederbeck et al., 1980). In one year of a 3-yr WSDC study, greater soybean yields were 
produced from wheat stubble burning due to reduced herbicide interference (Daniels and Scott, 
1991). A 3-yr WSDC study in Brooksville, MS on an Okolona silty clay (fine, montorillonitic, 
thermic Typic Chromudert) showed straw burning, as opposed to tilling under or removal, to 
provide the greatest economic return (Hairston et al., 1987). A 3-yr study on a clay soil in 
Mississippi, wheat yield was greater under wheat residue burning in an irrigated WSDC system 
compared to no wheat residue burning (Heatherly et al., 1996). A 4-yr WSDC field study on an 
Okolona silty clay in Brooksville, MS, showed leaf yellowing on soybeans where wheat residue 
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was not burned (Sanford, 1982), possibly indicating N immobilization was occurring as the 
residue was decomposing.  
 In contrast to previous studies, yield differences from residue burning and non-burning 
were not observed in several other studies (Beale and Langdale, 1967; Cordell et al., 2006; 
Kelley and Sweeny, 1998; NeSmith et al., 1987; Rasmussen and Rhode, 1988; Undersander and 
Reiger, 1985). A 4-yr oat-soybean field study in Florence, SC on a Norfolk fine sandy loam 
showed residue burning did not affect yield or soil properties (Beale and Langdale, 1967). A 12-
yr study comparing moldboard plowing, burning followed by disking, and disking only in a 
WSDC system on a Parsons silt loam (fine, mixed, thermic, Mollic Albaqualf) in southeast 
Kansas showed no yield difference between treatments, although soil moisture was greater in the 
disk-only treatment (19.4% and 23.9% by volume from 0 to 4 cm and 4 to 8 cm, respectively) 
and lowest in the burn-and-disk treatment (17.8% and 21.7% by volume from 0 to 4 cm and 4 to 
8 cm, respectively) (Kelley and Sweeny, 1998). A 2-yr study in Plains, GA on a Greenville 
sandy clay loam (clayey, kaolinitic, thermic Rhodic Paleudult) observed no yield differences 
between wheat burning and non-burning (NeSmith et al., 1987). A 6-yr winter wheat-fallow 
system field study on a Walla Walla silt loam (coarse-silty, mixed, mesic Typic Haploxeroll) in 
Oregon showed no difference in wheat yield following residue burning or retention (Rasmussen 
and Rhode, 1998). In a 14-yr irrigation study in Etter, TX evaluating winter wheat on a clay loam 
(fine, mixed, mesic Torrertic Paleustall), residue burning had no effect on infiltration, SOM in 
the 0- to 15- or 15- to 30-cm depth intervals, and wheat yield (Undersander and Reiger, 1985). 
 Though studies have shown increased yields and no yield effects due to residue burning, 
wheat residue burning has also been shown to decrease wheat yield (Rasmussen and Parton, 
1994; Prasad et al., 1999). In a 55-yr, wheat-fallow rotation study in Pendleton, Oregon on a 
19 
 
Walla Walla silt loam (coarse-silty, mixed, superactive, mesic Typic Haploxerolls), fall residue 
burning reduced wheat yields compared to the unburned control, while spring burning has only 
shown a slight trend towards lower yields (Rasmussen and Parton, 1994). A residue-incorporated 
treatment increased rice and wheat yields and SOC and available P and K concentrations in the 
top 20 cm compared with the burn treatment in a 3-yr wheat-rice, double-crop study on a sandy 
clay loam Fluent in India (Prasad et al., 1999). 
 
Tillage Systems 
 Historically, tillage has been conducted for seedbed preparation, incorporation of organic 
residues into the soil, and weed control (Balesdent et al., 2000). However, tillage systems now 
include broader goals of increasing soil health parameters through improved crop residue 
management. Tillage systems are distinguished by two thresholds; conventional tillage leaves < 
30% of the soil surface covered with crop residues, while conservation tillage leaves > 30% of 
the soil surface covered with crop residues (CTIC, 2014). Two common conventional tillage 
techniques include moldboard plowing, which incorporates crop residue by complete inversion 
to a depth of ≥ 25 cm and chiseling plowing, which generally incorporates crop residue to a 
depth of ≤ 10 cm by dragging metal tines through the soil at a relatively shallow depth (Staricka 
et al., 1991). 
 
Tillage System Effects on the Agricultural Environment 
 Conventional tillage provides a multitude of immediate advantages including enhanced 
seedbed preparation, reduced herbicide need, and improved seedling germination (Chan and 
Heenan, 2005). In semi-arid regions, conservation tillage provides the water conservation 
benefits of surface residue that would otherwise be consumed with a cover crop, however cover 
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crops increase infiltration rates subsequently increasing water use efficiency under irrigated 
production. (Unger and Vigil, 1998). Although, conventional tillage systems induce soil 
compaction below the tilled zone, disrupt surface-vented pores, increase breakdown of residue, 
and increase surface sealing thereby inhibiting root elongation and seedling emergence (Azooz 
and Arshad, 1996; Guerif et al., 2001). Along with several other long-term consequences, CT 
can increase weed germination and emergence over time (Amuri et al., 2010; Botto et al., 1998; 
Mohler and Galford, 1997; Shrestha et al., 2002). Conventional tillage can increase weed density 
for several reasons, as some weed species need light stimulation to trigger germination (Botto et 
al., 1998) and certain weed species need an appropriate depth to promote germination and 
emergence (Mohler and Galfor, 1997).  
Several long-term benefits of NT include increased SOM accumulation, reduced number 
of field passes, reduced soil erosion, and reduced GHG emissions (Horowitz, 2011; Morgan et 
al., 2010; Padgitt et al., 2000; Verkler et al., 2009; Zanatta et al., 2007). With the reduction of 
field passes with a tractor under NT, fossil fuel emissions are subsequently reduced by 3.2 Tg C 
yr-1 (Lal et al., 2004b). Soil loss and erosion decreases from NT compared to CT (Dickey et al., 
1985; Ghidey and Alberts, 1998) under NT, increased risk of decay and predation decreases 
weed seed viability due to seeds concentrating on or near the soil surface as opposed to buried 
seeds under CT (Liebman and Davis, 2000).  
Although NT provides many benefits, surface residue can inhibit crop growth by 
obstructing seedling emergence, releasing growth-inhibiting allelopathic compounds, decreasing 
soil temperature, and decreasing the effectiveness of herbicides (Amuri et al., 2010; Brye et al., 
2006a; Chen and Heenan, 2005; Kaspar et al., 1990). Seedling germination and emergence are 
difficult to predict from tillage systems due to variations in local conditions (Guerif et al., 2001). 
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Lower soil surface temperatures under NT can interfere with planting date and seedling 
germination (NeSmith et al., 1987). However, there is less fluctuation in soil temperature under 
NT (Dabney, 2001). Decreased seed establishment can be countered by increasing the seeding 
rate by 15 to 32% under NT (Oplinger and Phibrook, 1992; Liebman and Davis, 2000). Despite 
the advantages, a 2003 survey submitted to Arkansas growers documented the expense of 
purchasing NT equipment as the most influential reason for not converting from CT to NT (Hill 
et al., 2003).  
Although CT may result in greater yields than NT, greater economic return can result 
from reduced costs as a result of fewer production costs (Parsch et al., 2001; Heatherly et al., 
1996; Verkler et al., 2008). A 6-yr study on a Sharkey silty clay (very-fine, smectitic, thermic 
Chromic Epiaquerts) in eastern Arkansas documented mono-cropped, conservation tillage, non-
irrigated soybean produced greater yields than soybean rotations with either sorghum or corn 
under conventional tillage, although greater production costs were reported due to increased 
herbicide use (Parsch et al., 2001). No-tillage was shown to be non-viable in the short-term in a 
3-yr study on a Tunica clay (clayey over loamy, montmorillonitic, nonacid, thermic, Vertic 
Haplaquept) in an irrigated WSDC in Stoneville, MS (Heatherly et al., 1996); however, Verkler 
et al. (2008) showed alternative practices including NT to be economically competitive with 
conventional practices including CT. 
Several studies reported no difference in soybean yield between conventional and 
conservation tillage under double-crop systems (Beale and Langdale, 1967; Cordell et al., 2006; 
NeSmith et al., 1987; Wesley et al., 1988, McGregor et al., 2006). A soybean-oat (Avena sativa 
L.) double-crop system on a Norfolk fine sandy loam (fine-loamy, kaolinitic, thermic Typic 
Kandiudults) in South Carolina showed soybean yields to be unaffected by tillage (Beale and 
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Langdale, 1967). Similarly, in a 2-yr study in Plains, GA under a Greenville sandy clay loam no 
yield difference was observed between NT, disk tillage, and moldboard plow treatments, 
although lower soil temperatures were observed under NT (NeSmit et al., 1987). No yield 
difference due to tillage within irrigation treatments was observed in a 3-yr, WSDC study on a 
Dundee silt loam (fine-silty, mixed, active, thermic Typic Endoaqualfs)) in Stoneville, MS 
(Wesley et al., 1988). However, greater soybean yields were reported in CT in a year with 
moderate air temperatures, while NT yields were greater in the warmest year. A 16-yr study in 
Holly Springs, MS on a Loring silt loam soil (Fine-silty, mixed, active, thermic Typic 
Fragiudalfs) observed no soybean yield difference in NT and CT (McGregor et al., 2006). 
Several researchers have reported increased wheat or soybean yields attributed to NT 
compared to CT (Chan and Heenan, 2005; Tyler and Overton, 1982; McGregor et al., 2006). In a 
19-yr, wheat-fallow study in New South Wales, Australia on an Alfisol with a texture of sandy 
loam, (but 15% clay, in the top 20 cm) over red brown earth clay subsoil containing 60% clay, 
wheat yield increased under NT compared to CT (Chan and Heenan, 2005). A 2-yr WSDC study 
on a Lexington silt loam (fine-silty, mixed, thermic, Typic Paleudalfs) in a Tennessee 
documented greater soybean seed quality, comparable yields in one year, and greater yields the 
following year under NT compared to CT (Tyler and Overton, 1982). Initially, greater soybean 
yields were observed under CT in the first three years of a mono-cropped soybean study in Holly 
Springs, MS under a Loring silt loam (fine-silty, mixed, active, thermic Oxyaquic Fragiudalfs); 
however, after soil equilibration, NT yields were greater by 800 kg/ha following 14 years of the 
study (McGregor et al., 2006). 
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Irrigated and Dryland Cropping 
 For the entire state of Arkansas, the total area planted under irrigation in 2015 included 
1,096,699 ha, while total area planted under non-irrigated soybean totaled 198,295 ha (USDA-
NASS, 2016). The mean yield of irrigated compared to dryland soybean in Arkansas from 1972 
1995 to 2015 was 2.7 Mg ha-1 and 1.7 Mg ha-1, respectively (USDA-NASS, 2016). Despite the 
yield increase associated with irrigation, irrigation can be less profitable due to increased 
production expenses (Parsch et al., 2001). Additionally, profitable management practices that 
decrease dependence will become increasingly valuable as depletion of groundwater and aquifers 
in the Arkansas Delta is of increasing concern (Scott et al., 1998). Alternative management 
practices can increase profitability while sustaining resource use and soil health as observed 
under fine-textured soils coupled with NT management resulting in decrease irrigation needs 
(Verkler et al., 2009).  
 Studies have observed greater soybean yields (Ashley et al., 1978), comparable soybean 
yields (Daniels and Scott, 1991), and reduced net return (Parsch et al., 2001; Verkler et al., 2009) 
compared to dryland soybean production. A 3-yr field study in Plains, GA on a Grenville sandy 
loam (clayey, kaolinitic, thermic, Rhodic Paleudult) growing soybean receiving a full-season-
irrigation treatment produced greater yields, biomass, and pod count than non-irrigated 
treatments; soybean receiving irrigation at pod fill and bloom stage resulted in increased yields, 
weight, and pod count, but not vegetative biomass (Ashley et al., 1978). However, variations in 
results including yield, weight, pod count, and vegetative biomass were also largely attributed to 
the differences in the three tested cultivars. A 3-yr WSDC study in Fayetteville, AR on a Captina 
silt loam (fine-silty, mixed, mesic, typic Fragiudult) produced comparable soybean yields from 
irrigated and dryland treatments (Daniels and Scott, 1991). In a 6-yr study on a silty clay in 
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eastern Arkansas, mono-cropped, dryland soybean had a greater net return than mono-cropped, 
irrigated soybean (Parsch et al., 2001). Additionally, in an 8-yr WSDC study in eastern Arkansas 
under a Calloway silt-loam (fine, silty, mixed, active, thermic Glossaquic Fraglossudalf), greater 
net return was also reported under dryland cropping compared to irrigated cropping (Verkler et 
al., 2009). 
 
 
Particulate Organic Matter 
 Decomposition is the process by which residues undergo several physical and chemical 
transformations in the soil as organic plant materials are consumed by microorganisms (Paustian 
et al., 2000). Decomposition of plant residues accounts for ~ 70% of C respired as CO2, while ~ 
30% is retained in the SOC pool within SOM at the end of the growing season (Stevenson, 
1986). Soil microbiota, including fungal hyphae and microbacterial-derived polysaccharides, 
produce organic polymers that help form and stabilize aggregates (Lal et al., 2004b). In a process 
described by Six (1999), fresh residues, upon entry into the soil, partially decompose forming 
particulate organic matter (POM), thus forming nucleation centers for aggregation as well as 
sites for microbial activity (Puget et al., 1995). This microbial activity results in the binding of 
fresh residues and induces macro-aggregate (>250 µm) formation which subsequently 
breakdown to form micro-aggregates (53-250 µm) (Six et al., 2004). The third and last fraction 
consists of silt and clay free primary particles (<53 µm). Subsequent POM fractionations within 
aggregate fractions are achieved through analytical definitions including the light fraction (LF) 
or inter-aggregate POM, which consists of broken down and partially decomposed plant residue 
found between aggregates, and intra-aggregate POM (iPOM), consisting of incorporated and 
physically stabilized organic matter within aggregates (Six et al., 1998). Inter-aggregate and 
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intra-aggregate POM are fractionated based on aggregate size and consist of coarse LF (>250 
µm) and coarse iPOM (>250 µm) within macro-aggregates and fine LF (53-250 µm) and fine 
iPOM (53-250 µm) within micro-aggregates. In time and through soil disturbances, coarse iPOM 
can be further degraded and decomposed into fine iPOM or fine LF. Decomposition of POM 
produces organic compounds that are then incorporated into SOM (Luo and Zhou, 2010). Intra-
aggregate POM decomposes slower than non-aggregate-bound inter-aggregate POM, thus 
indicating iPOM and aggregate stability are directly correlated with soil C storage and retention 
(Paustian et al., 2000).  
 
Micro- and Macro-aggregate iPOM  
Macro-aggregates reduce the degradation of C by physically protecting POM. This 
protection against biodegradation is known as the protective capacity (PC) and increases with an 
increase in SOM and clay content and a reduction in tillage or other soil disturbances (Balesdent 
et al., 2000). Several mechanisms are responsible for macro-aggregate PC, including sorption of 
SOM to solid surfaces, sequestration into small pores, control of microbial turnover by predators, 
and O2 limitation (Balesdent et al., 2000). Buyanovsky et al. (1994) estimated the mean residence 
time of C within macroaggregates (1-2 mm) to be 0.8 to 4 years compared to 7 years for 
microaggregates.  
 
Free Light-Fraction Carbon 
 Greater concentrations of LF C are generally associated with NT compared to CT, as an 
increase in plant residue due to a soil micro-climate less conducive to microbial degradation are 
strongly correlated to an increase in LF C (Andruschkewitsch et al., 2013; Ramnarine et al., 
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2015; Six et al., 1999; Tan et al., 2007). This is a stark difference to iPOM fractions, which are 
affected predominantly by aggregation, aggregate turnover, as well as residue input (Six et al., 
1999). Studies suggest soil LF C is affected by microbial population and enzyme activity 
(Kanazawa and Filip, 1986) and soil reparation rate (Janzen et al., 1992).  
 
Residue level effect on SOM and relevant soil properties 
The application of fertilizers increases the production of plant biomass and excretion of 
root exudates, which can result in increased POM (Malhi and Gill, 2002). Management practices 
that result in greater SOC, including organic residue addition (Janzen et al., 1992) and nutrient 
application (Nyborg et al., 1999), can also increase the proportion of LF C (Banger et al., 2010. 
Fertilizer and/or farmland manure application have been shown to increase the mean weight 
diameter of soil aggregates, which effectively increases PC of SOC from decomposition (Banger 
et al., 2009). The direct effect of increased plant biomass with N addition has an indirect 
tendency to increase microbial activity and subsequently residue decomposition, though the 
indirect effects on SOM, SOC, and other soil properties are complex and harder to relate. 
(Banger et al., 2010; Högberg et al., 2007; Lee and Jose, 2003). Additionally, many factors 
influence microbial activity, including fluctuations in soil moisture and temperature (Brye et al., 
2006b). 
Fertilizer addition, specifically increases in N rate, result in increased plant residue and 
consequentially SOC (Bowman and Halvorson, 1998; Halvorson et al., 1999; Banger et al., 
2010; Motschenbacher et al., 2014). A 3-yr NT wheat-corn-fallow rotation study on a Platner 
loam (fine, montmorillonitic, mesic Aridic Paleustoll) in Washington County, CO, showed a 
significant correlation between increased N fertilization in the top 5 cm, resulting in a 40% 
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increase in SOM and subsequent increase in SOC content due to increased plant biomass 
(Bowman and Halvorson, 1998). In the Great Plains, a consistently managed, 10-yr study on a 
Weld silt loam (fine, smectitic, mesic Aridic Argiustoll) investigated the effects of variable N 
rates on crop rotations, including winter wheat. Results indicated SOC content increased more in 
the top 7.5 cm from a high-N-rate (124 kg N ha-1 yr-1) than in low-N-rate (0, 22, 45 kg N ha-1 yr-
1) treatment (Halvorson et al., 1999). In a 16-yr fertilizer and organic manure study in the 
Karnataka province, India in a rice and cowpea (Vigna unquiculata) cropping system on sandy 
loam soil (Typic Rhodalfs), increased fertilizer and manure applications resulted in an increase in 
LF C, total POM and SOC content from 0 to 30 cm, directly relating to the increased organic 
residues added to the soil (Banger et al., 2010). An 11-yr long-term study in eastern Arkansas on 
a Dewitt silt loam documented 15 to 28% greater SOC contents in the top 10 cm in high-residue-
rice-winter-wheat and soybean-winter-wheat rotations as opposed to low-residue rotations that 
did not include winter wheat (Motschenbacher et al., 2014). A 27-yr long-term grassland field 
study in Crossfield, AB, Canada, in a thin Black Chernozem (typic Boroll) loam with six 
differing annual N fertilizer application rates observed an increase in TOC and LF C with 
fertilizer addition up to 224 kg N ha-1 in top 30 cm of soil (Malhi et al., 2003). Furthermore, the 
proportion of LF C in the TOC mass increased with increases in N fertilization. These 
observations suggest N fertilization could increase sequestration of atmospheric C to soils.  
 
Burning Effects on SOM and relevant soil properties 
The effects of annual residue burning are speculated to take 20 to 30 years to realize the 
extent of negative impacts on SOM and yield (Rasmussen and Parton, 1994). The burning of 
plant residues for agronomic management has been shown to decrease SOM and total organic 
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carbon (TOC) content (Sanford, 1982). A 4-yr WSDC study in Brooksville, MS, on a silty clay 
showed increased SOM content from the top 8 cm in a non-burned/NT compared with a 
burned/CT treatment combination (Sanford, 1982). 
Several studies have reported that residue burning does not affect TOC content (Brye et 
al., 2006a; Chan and Heenan, 2005; Rasmussen et al., 1980; Wuest et al., 2005), while others 
have reported a decrease in TOC with burning (Biederbeck, 1980). Residue burning resulted in 
no effect on SOM (Beale and Langdale, 1967; Brye et al., 2006a; Undersander and Reiger, 1985) 
or bulk density (Beale and Langdale, 1967; Brye et al., 2006a). In the semiarid Pacific 
Northwest, a 45-yr, wheat-fallow study concluded that burning wheat residue caused the greatest 
rate of decreasing soil N concentration, but did not accelerate C loss suggesting long-chain C 
compounds resistant to microbial attack were not volatilized by residue burning (Rasmussen et 
al., 1980).  
Burning crop residues has been shown to lower microbial biomass (Collins et al., 1992). 
A 7-yr winter wheat-summer fallow field study on a Walla Walla silt loam (coarse-silty, mixed, 
superactive, mesic Typic Haploxeroll) in Pendleton, OR showed residue burning decreased 
glomalin, basidiomycetes population, and earthworm counts, all agents of soil aggregation, in the 
top 15 cm (Wuest et al., 2005). Fires from residue burning can reach temperatures that kill soil 
bacteria, fungi, and microfaunal populations important for aggregate formation, generation of 
SOM, and C sequestration (Biederbeck, 1980). Bacterial and fungal populations decreased 
substantially in the top 2.5 cm of silty-clay soil after burning cereal straw, and repeated burnings 
permanently reduced the bacterial population by more than 50%, while the fungal population 
was able to recover (Biederbeck et al., 1980).  
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Tillage Effects on SOM and relevant soil properties 
Management practices can affect the size distribution of macro-aggregates as previous 
studies have shown larger aggregates are dynamic in nature (Beare et al., 1994; Puget et al., 
1995; Spaccini et al., 2001; Banger et al., 2010). A meta-analysis consolidating SOM and SOC 
data from different management systems (Paustian et al. 2000) from various sources (Angers et 
al., 1993; Cambardella and Elliott, 1993; Beare et al., 1994; Franzluebbers and Arshad, 1996) 
showed mean residence time (MRT), the amount of time required for total replenishment of an 
original source, for SOM and SOC stocks to be 73 years in NT and 44 years in CT systems, 
respectively. Soil disturbances, such as tillage, decrease the MRT of soil aggregates and thus 
accelerates the decomposition of iPOM (Paustian et al., 2000). Another meta-analysis, consisting 
of 67 long-term agricultural experiments across the globe, reported a change from CT to NT can 
sequester 57 ± 14 g C m2 yr-1, excluding wheat-fallow management (West and Post, 2002). 
Conversely, a multiple regression using observations from 150 experiments reported no 
significant differences in tillage treatments (Gosling et al., 2013). The benefits of NT are 
expansive and include offering a protective soil cover with vegetation or residue, thus increasing 
the opportunity for soil aggregation, developing a suitable earthworm population environment, 
and increasing fungal hyphae colonization, humification of residue, and soil C sequestration 
(Amuri et al, 2008; Halvorson et al., 1999; Six et al., 1999; NRCS-SQI, 2001; Shaver et al., 
2002).  
Tillage practices which increase soil disturbances can significantly affect the proportion 
of POM fractions within aggregate size fractions. Balesdent (2000) suggested tillage increases 
incorporation of organic C within aggregates by increasing contact between plant residue and the 
soil mineral matrix. Following 17 years of consistent management on a Wilton silt loam (fine-
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silty, mixed superactive frigid Pachic Haplustoll) in Mandan, ND, a 4.98 and 0.33 Mg ha-1 
increase in total POM-C and -N was observed in the top 7.5 cm of soil in a spring wheat-winter 
wheat-sunflower rotation under NT compared to a spring wheat-fallow rotation under CT (Liebig 
et al., 2004). Additionally, greater total POM-C was observed in the top 5 cm of soil under NT 
than CT following 15 years of consistent management at five sites in northeast Spain consisted 
of loam and silt-loam soil (Alvaro-Fuentes et al., 2008). A study comparing four soils, including 
a loam (fine, silty, mixed, mesic Pachic Haplustoll) in Sidney, NE under a winter wheat-fallow 
rotation for 26 years, a silt loam (fine loamy, mixed, meisc Typic Fragiudalf ) in Wooster, OH 
under continuous corn for 33 years, a sandy loam (fine loamy, mixed, mesic Typic Hapludalf) at 
the Kellogg Biological Station, MI, following a corn-soybean-wheat rotation for 9 years, and a 
clay loam (fine, mixed, mesic Typic Paleudalf) under continuous corn for 24 years showed total 
soil C concentration from 0 to 20 cm to be 9 to 16% less in CT than in NT across all four sites 
(Six et al., 1999). All four sites also showed coarse iPOM C (i.e., 250-2000 µm iPOM in 
macroaggregates) in the top 5 cm did not differ between tillage treatments, although fine iPOM 
(i.e., 53-250 µm iPOM in macroaggregates) in the top 5 cm averaged 51% less in CT than in NT 
soils, which accounted for 21% of the total C concentration difference between CT and NT (Six 
et al., 1998). In a rice-wheat rotation in Modipuram, India on a silt loam (Typic Ustocrept) the 
macro-aggregate fraction, SOC, aggregate associated C, and coarse iPOM were greater in NT 
compared to CT in the top 10 cm of soil (Kumari et al., 2011). Additionally, a comparison of a 
17 year NT study site on a Berks silt loam (loamy-skeletal, mixed, mesic, Typic Dystrochrepts) 
and 27 year CT study site in Mandan, ND on a Coshocton silt loam (fine-loamy, mixed, mesic 
Aquultic Hapludalfs) under continuous corn production resulted in a 91% increase in LF C 
compared to CT, with similar results for LF N (Tan et al., 2007). Following an average of 17 
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years of consistent management at four long-term tillage studies in eastern and southern 
Germany, the LF C and macro-aggregate content was much greater under NT compared to CT in 
the top 5 cm of silt loam soil (Andruschekwotsch et al., 2013). Following six years of consistent 
management on a silt loam (Typic Hapludalf) in southern ON, Canada, 37% greater LF C and N 
concentration was observed in the top 10 cm of soil under NT compared to CT (Ramnarine et al., 
2015). Lastly, two 17-yr continuous corn-soybean rotation field studies in DeKalb and 
Monmouth, IL, on a Drummer silty clay loam (fine-siltym mixedm nesic Typic Haplaquoll) and 
Muscatine silt loam (fine-silty, mixed, mesic Aquic Hapludoll), respectively, observed greater 
SOC and iPOM under NT compared to CT (Yoo and Wander, 2008). The greater macro-
aggregate fraction, POM and POM fractions observed with NT compared to CT would suggest a 
greater PC associated with the reduced physical disruption with NT management. 
The amount of SOM, which decreases under tillage practices that increase soil 
disturbance, directly effects the ability of soil to partition soil C within POM fractions. An eight 
year tillage treatment study on a silt loam in Senatobia, MS, a WSDC system showed NT to 
increase SOM content by 86% in the top 2.5 cm compared to initial pasture soil conditions, and 
aggregate stability also increased after four years (Rhoton, 2000). An 8-yr WSDC tillage study 
conducted on a Grenada silt loam (fine-silty, mixed, active, thermic Glossic Fragiudalfs) in the 
lower Mississippi River valley showed that NT had greater SOM content and aggregate stability 
compared to CT (Rhoton, 2000). A 17-yr-long experiment on a French silt-loam in Ile-de-
France, France showed decomposition of SOM under CT to occur at more than double the rate 
under NT (Balesdent et al., 2000). An increased loss of C under CT was reported in corn, 
soybean, and wheat production systems at four long-term agricultural field sites in Sidney, NE, 
Wooster, OH, Kellogg Biological Station, MI, and Lexington KY under loam (Pachic 
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Haplustoll), silt loam (Typic Fragiudalf), sandy loam (Typic Hapludalf), and silty clay loam 
(Typic Paleudalf), respectively. No-tillage soils contained 9 to 16% greater C concentrations in 
the top 20 cm than did CT soils, with the greatest difference occurring in 0- to 5-cm depth 
interval (Six et al., 1999). In a 23-yr study in Rosemount, MN, with a soybean-containing 
rotation on a Waukegan silt loam (fine-silty over skeletal, mixed, superactive, mesic Typic 
Hapludoll), SOC and N concentrations increased more under NT compared to CT in the top 20 
cm (Dolan et al., 2006). Although when soil from the top 45 cm was included, SOC did not vary 
among tillage treatments. 
No difference in SOC content between NT and CT in the top 10 cm was measured in an 
11-yr study on a Dewitt silt loam (fine, smectitic, thermic, Typic Albaqualf) in various rice 
rotations in eastern Arkansas (Motschenbacher et al., 2014). In a 3-yr, double-cropped, wheat-
soybean experiment on a Norge silt loam (fine-silty, mixed, active, thermic, Udic Paleustoll) in 
the Southern Great Plains, no differences in soil C and N content were observed between CT and 
NT (MacKown et al., 2007). Minimal tillage increased SOM content, permeability, pore-volume 
percent, and decreased bulk density in a soybean-oat double-crop system on a Norfolk fine sandy 
loam in South Carolina (Beale and Langdale, 1967). In a 3-yr WSDC study on a Norge silt loam 
(fine-silty, mixed, active, thermic, Udic Paleustoll) in El Reno, OK, N fertilization (0 or 112 kg 
N ha-1) and tillage (CT or NT) resulted in little differences in soil C and N content in the 0- to 
15- and 15- to 30-cm depth intervals (MacKown et al., 2007). A 9-yr corn-soybean-wheat 
rotation study at the Kellogg Biological Station in Mississippi under a sandy loam (Fine loamy, 
mixed, mesic Typic Paleudalf) documented small, but non-significant, differences in near-
surface soil C content between native vegetation, NT, and CT treatments, but also showed larger, 
significant, differences at sites managed for 24 to 33 years (Six et al., 1999). 
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The C:N ratio of a residue and surrounding soil can determine if residue-derived C will 
either decompose or accumulate. A greater C:N ratio results in reduced residue decomposition 
due to the lack of available N for microbial decomposition of C, thus leading to surface residue 
accumulation. In a 17-yr study on a sandy-clay-loam Acrisol (Paludult) in Brazil, NT had a 
larger soil C:N ratio in the top 2.5 cm compared to CT and undisturbed grasslands (Diekow et 
al., 2005). In an 18-yr study in Ohio conducted on a Wooster silt loam (Typic Fragiudalf) and a 
Hoytville silty clay loam (Mollic Ochraqualf), greater near-surface soil C:N ratios were observed 
in NT than CT, but no differences in soil C:N ratio between tillage treatments were observed 
when averaged across the 0 to 30 cm depth (Dick, 1983).  
A 15-yr forage oat study on a Moutoa silty clay (Typic Haplaquoll) in New Zealand, 
examining oxygen diffusion rate (ODR) in various tillage systems, showed CT to increase 
aeration at the 5, 10, and 15 cm depths compared to untilled soil (Sojka et al., 1997). In another 
study on a lateritic sandy loam (Typic Acrothox) in the coastal belt of eastern India, CT 
increased aeration and soil temperature in top 15 cm compared to NT, but increased ODRs were 
only temporary due to soil reconsolidation (Khan, 1996). 
Tillage has been shown to stimulate microbial activity, SOM oxidation, and soil 
respiration, as tillage mixes and loosens the soil (Doran, 1980; Lal, 1997; Dao, 1998). Changes 
in microbial composition of the fungal and bacterial biomass are attributed to NT (Alvarez et al., 
1995; Holland and Coleman, 1987), as NT changes microclimates in the surface residue layer. 
The NT microclimate results in less soil disturbance of the surface residue layer resulting in poor 
conditions for microbial activity, which leads to reduced rates of litter decomposition (Six et al., 
1999). No-tillage or conservation tillage increases soil water content and reduces soil aeration, 
thus increasing biological activity as long as the soil is not saturated (Balesdent et al., 2000). 
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Following 17 years of consistent management on a Wilton silt loam (fine-silty, mixed 
superactive frigid Pachic Haplustoll) in Mandan, ND, a two and a half times increase in 
microbial biomass levels was observed in the top 7.5 cm of soil in a spring wheat-winter wheat-
sunflower rotation under NT compared to a spring wheat-fallow rotation under CT (Liebig et al., 
2004). 
 
Irrigation Effects on SOM and relevant soil properties 
Greater soil moisture induces a plethora of interactions that can increase and/or decrease 
SOM and SOC. Increases in soil moisture increase plant and microbial biomass production, 
which can increase SOM and SOC, and subsequently POM (Blanco-Canqui et al., 2010). 
However, increasing soil moisture, to a certain point, also promotes microbial decomposition of 
SOM (Churchman and Tate, 1986) and slaking of unstable aggregates, thus decreasing POM 
(Six et al., 2000). An increase in microbial activity and soil water content from irrigation can 
also accelerate C cycling (Gillabel et al., 2007; Sainju et al., 2008; Jabro et al., 2008). Irrigated 
cropland sequesters between 50 to 150 kg ha-1 more C than non-irrigated cropland, although the 
effects of irrigation on SOC are complex and difficult to predict (Lal and Bruce, 1999).  
Irrigation and tillage practices can directly affect aggregate stability, which in turn 
directly affect POM fractions. In a 5- and 8-yr deficit-irrigation study at two NT field sites in 
western Kansas on a Ulysses silt loam (a fine-silty, mixed, superactive, mesic Aridic Haplustoll), 
SOC concentration and wet-aggregate stability increased from 0 to 10 cm with an increase in 
irrigation amount, although bulk density and particle-size distribution were unaffected (Blanco-
Canqui et al., 2010). An increase in irrigation amount resulted in increased macro-aggregate 
abundance (Blanco-Canqui et al., 2010). A meta-study of six corn and wheat-fallow experiments 
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on silt-loam, loam, and clay-loam soils across the eastern US showed that soil moisture tended to 
increase soil microbial activity and, consequently, soil respiration up to 60% WFPS, where after 
microbial activity and respiration decreased in the upper 7.5 cm (Linn and Doran, 1984).  
 
Microbial Activity 
Nitrogen fertilization has been shown to increase the activity of certain microbes, while 
inhibiting the development of others, such as lignin decomposers, thus decreasing microbial 
diversity (Banger et al., 2010). A 7-yr study in cottonwood (Populus deltoids Marsh.) and 
loblolly pine (Pinus taeda L.) under differing fertilizer application rates (0, 56, 112, and 224 kg 
N ha-1 yr-1) on a Redbay sandy loam (fine-loamy, siliceous, thermic Rhodic Paleudult) in Florida 
showed no correlation between fertilization and fine root production although significant 
reduction in microbial biomass (Lee and Jose, 2003). Lee and Jose (2003) suggested an increase 
in N fertilization may have adverse effects on some soil microorganisms, while Wuest et al. 
(2005) suggested fertilizer addition may have detrimental effects on aggregate formation.  
 
Infiltration 
 Beneficial soil properties such as aggregate stability lead to increased water infiltration 
and is integral for sustaining soil water content throughout crop production cycles. Additionally, 
increases in infiltration rates lead directly to decreases in runoff and erosion (Mannering and 
Meyer, 1963). Reduced rates of erosion and runoff lead to improved soil and water quality as 
sediment, a major component to water pollution, is not carried off site. High infiltration lead to 
improved soil quality parameters including increased organic matter, water holding capacity, soil 
structure, and nutrient retention (Verkler et al., 2009). Furthermore, infiltration can increase 
aquifer recharge directly by water trickling through to the aquifer or indirectly by increasing 
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water use efficiency. Soil water-retention characteristics are limited by seasonal variability of 
soil properties due to wet-dry and freeze-thaw cycles (Unger, 1991). Freeze-thaw and wet-dry 
cycles produce fissures and pressures which in turn break up soil masses and compress soil 
particles into aggregates and structural units known as peds creating micro- and macro-porosity 
increasing potential soil water-retention (Brady and Weil, 2008). Similarly, freeze-thaw cycles 
can break up aggregates and structural units when the soil is very wet thus resulting in structural 
deterioration reducing soil water-retention. Transpiration from cover crops can increase 
infiltration, but transpiration cannot exceed the precipitation needed to replenish soil water 
supply (Unger and Vigil, 1998). Soil properties which increase infiltration include: greater 
permeability, how easily a gas, liquid, or plant root can penetrate soil mass or a soil layer; 
increased porosity, the percent volume of space in total bulk soil not consisting of soil mass; and 
lower bulk density; the mass of dry soil within a known volume (Brady and Weil, 2008). 
Management practices promoting increased macropore abundance and increasing SOM are 
proportionally attributed to increasing infiltration rates (Verkler et al., 2007).  
 
Effects of tillage on infiltration and relevant soil properties 
Tillage practices have a direct effect on infiltration through either retaining soil structure 
and plant residue on soil surface by implementing no-tillage and conservation practices or 
disturbing soil structure and incorporating plant residue by implementing conventional tillage 
practices. Through practices that maintain adequate surface residues, such as conservation 
tillage, rainfall utilization efficiency can be increased and result in improved crop yields 
(Franzluebbers and Doriswamy, 2007).Water infiltration rate, hydraulic conductivity, and water-
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holding capacity all increase under management practices that increase SOM, such as NT, 
resulting in decreased irrigation needs (Dabney, 1998;Verkler et al., 2009).  
Higher infiltration rates lead to increased soil water content as this indicates water has 
absorbed within the soil mass and layers. Greater volumetric soil water content in the top 1.2 m 
of NT compared to CT soils were observed in an 8-yr wheat study on a Bethany (fine, mixed, 
thermic Paschic Paleustoll) and a Renfrow (fine, mixed, thermic Udertic Paleustoll) silt loam 
near El Reno, OK (Dao, 1993). Dao (1993) reported decreased water infiltration and negative 
effects on precipitation associated with CT due to a layered recharge pattern from plowing, as 
opposed to a recharge pattern through macropores associated with NT. In a study comparing 
water-retention characteristics in native prairie and converted native prairie under continuous 
annual cultivation ranging from 0 to 44 years on a Dewitt silt-loam (fine, smectitic, thermic 
Typic Albaqualf) in eastern Arkansas, land use was shown to significantly affect the slope of the 
soil moisture release curve for the top 10 cm, such that when both soils reached the same water 
potential the native prairie soil had a greater water content than the cultivated agricultural soils 
(Brye, 2003). Tillage was shown to significantly decrease soil water content in a 2-yr WSDC 
study in Georgia on a Greenville sandy clay loam during the soybean growing season (NeSmith 
et al., 1987). An 8-yr, continuous corn tillage study on a Canisteo clay loam [fine-loamy, mixed 
(calcareous), mesic, Typic Haplaquolls] and a Nicollet loam (fine-loamy, mixed, mesic, Aquic 
Hapludolls) near Ames, IA showed the reduced tillage system maintained more plant-available 
water and retained greater unsaturated hydraulic conductivity than CT systems in the 5- to 7.5- 
and 10- to 12.5-cm depth intervals (Hill et al., 1985).  
An increase in water-filled pore space (WFPS), a result of greater infiltration, tends to 
increase soil microbial activity, and consequently, soil respiration, up to 60% WFPS, where after 
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aerobic microbial activity and respiration decrease (Linn and Doran, 1984). A meta-study of six 
corn (Zea mays L.) and wheat-fallow experiments on silt-loam, loam, and clay-loam soils 
showed an increase in WFPS in the 7.5- to 15-cm depth interval and an increase in total 
microorganisms from in the top 7.5 cm under NT than CT (Linn and Doran, 1984). A 14-yr 
consistently managed study on a Donnelly silt loam (Gray Luvisol) and 5-yr consistently 
managed study on a Donnelly sandy loam in Alberta, Canada showed soils under NT 
management maintained pore structure resulting in greater hydraulic conductivity and infiltration 
rates as opposed to soils under CT management (Azooz and Arshad, 1996). Greater infiltration 
rates attributed to NT rather than CT are also the result of increased flow of water through 
macropores (Meek et al., 1992) and reduced surface sealing due to complete residue cover (Zuzel 
et al., 1990).  
A soybean-oat double-crop system on a Norfolk fine sandy loam (fine-loamy, kaolinitic, 
thermic Typic Kandiudults) in South Carolina showed minimal tillage increased permeability, 
pore-volume percent, and decreased bulk density (Beale and Langdale, 1967). On the other hand, 
increased sediment load and runoff indicate reduced water infiltration rates. In a 4-yr study in 
Watkinsville, GA on a kaolinitic thermic sandy loam soil (Typic Hapludults), NT barley 
(Hordeum vulgare L.)-sorghum [Sorghum vulgare L.] double-crop systems had decreased runoff 
and sediment yield compared to CT mono-cropped systems, with runoff reduced by 90% in 
summer months (Langdale et al., 1979).  
 
Effects of residue burning on infiltration and relevant soil properties 
Residue burning was also shown to have detrimental effects on soil moisture (Kelley and 
Sweeny, 1988; NeSmith et al., 1987). Residue burning has been shown to have no effect on bulk 
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density (Beale and Langdale, 1967; Brye et al., 2006a), permeability (Beale and Langdale, 
1967), and water infiltration (Undersander and Reiger, 1985). Residue burning has also been 
shown to decrease surface infiltration rates (Rasmussen et al., 1980) and hydraulic conductivity. 
Fall burning of wheat residue for 70 years in a wheat-fallow system resulted in lower C, N, 
water-stable aggregates, and infiltration (Wuest et al., 2005). 
 
Effects of irrigation on infiltration and relevant soil properties 
 Along with an increase in soil moisture, effects of irrigation, compared to dryland 
production, is attributed to an increase in aboveground plant biomass (Norman et al., 2015). 
Belowground biomass likely increases with irrigation as root growth is directly related to 
prolonged soil moisture within the growing season. Adequate soil moisture throughout the 
growing season, as a result of irrigation, may increase underground biomass and microbial 
activity, increasing microbial- and plant-derived polysaccharides which act as binding agents 
increasing aggregation (Six et al., 2004). Infiltration under irrigated production likely increases 
with greater aggregation as aggregation increases pore space, compared to dryland production. 
 
Effects of cropping systems on infiltration and relevant soil properties 
 The cropping system a producer implements results in measurable effects on soil 
properties related to infiltration rates. A 3-year study on a Centralia loam to clay loam (fine-
loamy, mixed Typic Humaquept) in Ontario, Canada investigating full-season soybean planted in 
wheat residue observed an increase in soil moisture and lower soil temperature due to wheat 
residue, although this had a negative effect on soybean emergence and yield (Vyn et al., 1998). 
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However, this residue effect may provide benefits in the mid-south, including in Arkansas, as 
soybean are often planted in hot and dry soil conditions (Cordell et al., 2006). 
 
Long-term WSDC Systems Study in Arkansas 
 A long-term WSDC system was established in Fall 2001 at the University of Arkansas-
Division of Agriculture’s Lon Mann Cotton Research Station near Marianna in the Southern 
Mississippi Alluvium (MLRA 131A). The experimental plots are located on a Calloway silt-
loam (fine, silty, mixed, active, thermic Glossaquic Fraglossudalf; Brye et al., 2006a; USDA-
NRCS-SSS, 2007) with 16% sand, 73% silt, and 11% clay in the top 10 cm (Brye et al., 2006a). 
Prior to establishing the WSDC system in Fall, 2001, the field was a conventionally tilled and 
continuously mono-cropped soybean system (Cordell et al., 2006). 
 The study consists of 48, 3 x 6 m plots that were originally arranged in a three-variable, 
split-strip-plot experimental design with six replications of eight treatment combinations (Cordell 
et al., 2006). These three variables included high (split application of 56 kg N ha-1) and low (0 kg 
N ha-1) residue level, wheat residue spring burning or no burning, and CT or NT (Smith et al., 
2013). Although prior to 2006, the high residue level included two applications of 102 kg N ha-1 
and low residue level included one application of 102 kg N ha-1 (Cordell et al., 2006). An 
additional fourth treatment was added in 2005 by dividing the study area into two irrigated and 
two non-irrigated (i.e., dryland) blocks (Verkler et al., 2009). The plot plan allows for six 
replications of every tillage-burning-residue-level combination and three replications of every 
tillage-irrigation-burning-residue level combination (Amuri et al., 2008). This long-term study is 
still on-going today (i.e., 2017), which is currently in the 16th consecutive wheat-soybean 
cropping cycle with between 12 and 15 years of consistent management of imposed field 
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treatments. Numerous soil- and plant-plant related studies have been conducted between 2002 
and 2016. 
Following 3-yrs of consistent management, Cordell et al. (2006) reported residue, plant 
population, leaf area index (LAI), and soybean yields at two WSDC study sites including the 
Cotton Branch Experiment Station (CBES) and Pine Tree Branch Station (PTBS). From 2002 to 
2004 N fertilization resulted in significantly higher amount of wheat residue only in 2003 at 
CBES compared to the amount of residue under no N fertilization. Soybean plant population 
between 10 and 30 days after planting (DAP) were significantly higher under NT and CT in most 
year-location combinations; however, residue burning did not result in significant differences 
compared to no-burn treatment. Leaf area index, measured 90 DAP, under NT was higher in two 
of the four year-location measurements compared to CT. Average soybean yields observed in all 
plots were 4.2 Mg ha-1 and 3.6 Mg ha-1 at CBES and 3.6 Mg ha-1 and 2.3 Mg ha-1 at PTBS in 
2002 and 2003, respectively. However, in both 2002 and 2003, yields were slightly greater than 
the 16-yr (i.e., 1983-1998) average of 2.9 Mg ha-1 for double-cropped soybean in Arkansas 
(UACES, 2004). Soybean yields from 2002 to 2004 did not differ between tillage treatments, 
despite a greater soybean population at 30 DAP in NT.  
From 2002 to 2004 at PTBS and CBES bulk density, soil pH, electrical conductivity 
(EC), SOM, total C and N, and total microbial biomass were measured in the top 10 cm (Brye et 
al., 2006a). Soil bulk density in the top 10 cm increased by 8% from 1.21 g cm-3 in 2002 prior to 
the initial soybean season to 1.31 g cm-3 in 2004 after two full cropping seasons, with no 
observable differences among established treatments. However, the no-burn resulted in a greater 
bulk density in the top 10 cm than the burn treatment. No change in bulk density from tillage 
effects was observed until 2004, where NT increased slightly compared to CT. Soil pH in the top 
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10 cm increased by 6% from 6.77 to 7.15 from 2002 to 2004, which was likely the result of 
initial lime additions in Fall 2001 and alkaline well water used for furrow irrigation containing 
elevated bicarbonate concentrations.  
Several studies attributed increased SOM to NT soils (Balesdent et al., 2000; Dolan et al., 
2006; Six et al., 1999). Following two full cropping cycles, whole field SOM, total C, and N 
concentrations and contents increased between 18 and 50%, with a concomitant 7% decrease in 
the soil C:N ratio in the top 10 cm. An increase in SOM content in the top 10 cm was observed 
after two years under the no-burn, low residue plots, though lower C:N ratios were observed 
under high- and low-residue no-burn plots at CBES. Residue burning alone did not impact SOM 
content or bulk density after three years from the initiation of the double-crop system. Total soil 
N marginally increased under NT after two cropping seasons compared to CT. Residue burning 
under NT resulted in greater soil N concentration and content and a lower C:N ratio than under 
CT in the top 10 cm. Though few wheat-residue treatment effects were reported, total microbial 
biomass in 2003 increased significantly under high residue compared to low-residue and 
increased significantly under burn treatment compared to no-burn. Compared to the non-burn, 
both total microbial and fungal biomass in the top 10 cm were lower under the burn treatment. 
Fungal-to-bacteria biomass ratios, which can indicate an increase in soil OM (Alvarez et al., 
1995; Holland and Coleman, 1987), in the top 10 cm did not differ among treatments after two 
full cropping cycles. 
Brye et al. (2006b) observed macronutrient content, SOM content, bulk density, wheat 
residue, soil surface carbon dioxide flux, soil temperature, and moisture content under two 
cropping cycles (2001-2003) at PTBS and CBES. After two full cropping cycles, average 
aboveground wheat residue across both locations increased by approximately 2030 kg ha-1 in 
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high-residue treatment compared to low-residue treatment. CO2 flux, an indicator of SOC 
sequestration (Franzluebbers et al., 1998), was lower in NT at one site compared to CT. 
However, mean soil surface CO2 flux at CBES was higher under CT compared to NT for every 
sample date under CT except for one sampling date. Averages under burning, tillage, and time 
resulted significantly higher soil surface CO2 flux under high-residue compared to low residue 
treatment. Conventional tillage observed a higher soil surface CO2 flux than NT when averaged 
across N rate, burning, and time. The residue burning had no observable effect on CO2-C loss 
from the soil. Soil temperature and moisture content were negatively correlated with 
temperature-normalized soil surface CO2 flux; however, soil temperature from 0-10 cm more 
clearly explained the variation than did moisture content. 
Following 5 years of consistent management, Amuri and Brye (2008) reported wheat 
residue, soil texture, bulk density, water content, soil cone index (CI), and soil water content at 
CBES. Residue burning resulted in significant decrease in clay content from 0 to 40 cm 
compared to tillage and residue level. The high-residue treatment consistently produced more 
wheat residue on the soil surface in all years from 2003 to 2007, except for 2003 and 2005. Soil 
CI, which measures the resistance to penetration of a cone of specific dimensions, is an 
important soil quality property indicative of soil compaction and thus directly effects infiltration 
rate, gas fluxes, nutrient availability, root penetration, and subsequently potential yield. In 2003, 
following one cropping rotation, whole-field average CI increased with depth from a low of 903 
kPa at the 5-cm depth to a maximum of 2625 kPa at the 40-cm depth. In 2006, after four 
cropping cycles with consistently imposed treatments, whole-field average CI was numerically 
greater at all depths shallower than 20-cm compared to 2003. Compared to observations in 2003, 
the 15-cm depth had the largest CI (2780 kPa) and was likely the result of a tillage pan. From 
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2003 to 2006, soil CI at the 5 cm depth increased by 35% under NT, and was likely the result of 
increased bulk density. In 2003, after two full cropping rotations, soil CI in either tillage 
treatment was greater under the non-burn than the burn treatment at the 40-cm depth, which 
could be the result of deeper roots, greater root decomposition rates, and increased moisture 
content under burning (Verkler et al., 2008). Soil CI was also consistently greater under the non-
burn treatment in the 20- to 40-cm depth interval. In support of these CI results, the mean 
maximum soil water content at the 7.5-cm depth was 3% greater under the burn compared to the 
non-burn treatment in 11 of 12 rainfall events and 7% greater after irrigation events from 2005 to 
2006 (Verkler et al., 2008). However, observed volumetric water contents in the top 0 to 6-cm 
averaged 0.31 to 0.41 m3 m-3 with a maximum difference of 1% under residue level treatment.  
Amuri et al. (2008) reported wheat residue, bulk density, pH, EC, soil micronutrients, soil 
macronutrients, SOM, total soil C and N, soybean and wheat yield, and economic returns for 
alternative management practices after five years of consistent management. No significant 
variation in SOM, total C, N, or C:N ratio was observed in the top 10 cm between tillage 
treatments in the first three years, although whole-field SOM in the top 10 cm increased by 15% 
from 2003 to 2006. A NT and no-burn wheat residue management combination will likely 
improve soil moisture storage capacity, as wheat residue will be left to decompose on the soil 
surface. Following conversion from a soybean monocrop, total soil C in the top 10 cm over the 
first six years increased at a greater rate in the high-residue (0.073 kg C m-2 yr-1) compared to the 
low-residue treatment (0.054 kg C m-2 yr-1). Soybean yield trends over time did not differ among 
treatment variables, where from 2002 to 2004 yields declined at a rate of -2.43 Mg ha-1 yr-1 
followed by an increase of 0.29 Mg ha-1 yr-1 from 2005 to 2007. In contrast, wheat yields did not 
differ over time from 2002 to 2007 and averaged 2.44 Mg ha-1. From 2002 to 2004, bulk density 
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increased at a faster rate in NT (0.12 g cm-3 yr-1) than CT (0.08 g cm-3 yr-1) with a similar decline 
from 2005 to 2007. In 2002, both irrigated-CT-no-burn-high-residue and irrigated-CT-burn-high-
residue combinations produced the greatest net economic return. Poor wheat and soybean 
growing conditions in 2004 and 2005 resulted in negative net returns for all treatment variables; 
however, NT produced 72% less negative net return compared to CT.  
Following 5-yrs of consistent management, Verkler et al. (2008) evaluated the effects of 
tillage, residue burning, residue level, and water delivery by either furrow irrigation or rainfall on 
soil water content from 0 to 7.5 cm throughout the soybean-growing seasons in 2005 and 2006. 
Maximum soil water content was significantly greater following irrigation events under burn 
compared to non-burn. Soil at the 7.5-cm depth under NT and no-burn management was 
observed to dry more slowly than soil under CT and burned management. Soil under non-burn 
and NT treatment both consistently dried down more slowly and retained greater minimum water 
contents than burn and CT, respectively. Wheat residue level was consistently greater in both 
2005 and 2006 under high N-rate treatment. Under irrigation events, residue burning consistently 
resulted in greater maximum water content by 3% (vol/vol).  
In a following publication Verkler et al. (2009) reported differences in soybean yields and 
economic returns within individual treatments and combined effects. No difference in soybean 
yield was observed in 2005 and 2006 between tillage or burn treatments. Dryland soybean yields 
were greater under CT than NT in 2005, but not 2006, largely attributed to the failed wheat stand 
in fall 2004 resulting in greater weed pressure under NT. In 2005, after a failed wheat stand and 
lower-than-average precipitation, the treatment combinations with the lowest net return was 
associated with NT and non-irrigated soybean. However, in 2006, after a successful wheat stand, 
the lowest net return was associated with the non-irrigated-low residue level-CT-burned 
46 
 
treatment combination, while the irrigated-high residue level-NT-burned treatment combination 
had the greatest net return and 51% greater than the traditional practice of residue burning and 
CT. Verkler et al. (2008) determined that by the 4th and 5th year of consistent management, NT 
produced the most viable and potentially profitable environmentally sustainable alternative to 
CT.  
In the 5th and 6th year of the study (2006 and 2007), Amuri et al. (2010) assessed surface 
residue and weed population in the soybean growing season approximately 1 week before 
herbicide application and approximately 97 DAP. Total weed density was greater under CT (513 
plants m-2) than NT (340 plants m-2) early in the 2006 soybean growing season; however, later in 
the 2007 soybean season, greater total weed species density was measured under NT (60 plants 
m-2) compared to CT (32 plants m-2). Greater total weed density under CT than NT was observed 
in 2006; however, NT had greater late season weed density in 2007.  
Brye (2012) observed wheat yield, economic return, and total C from the first 7 cropping 
cycles under differing and combining treatment effects. Yield and economic return for the 
treatment combinations varied by year depending on several uncontrollable variables. From 2002 
to 2008, excluding 2005, when no wheat yields were produced, whole-field wheat yield averages 
ranged from 1201 to 4284 kg ha-1 (17.9 to 66.1 bu ac-1) and averaged 2869 kg ha-1 (42.7 bu ac-1) 
at 13% moisture content. The 6-yr (i.e., 2002 to 2008) whole-field average was comparable to 
the US average of 2924 kg ha-1 (43.6 bu ac-1), though it was less than the Arkansas average of 
3452 kg ha-1 (51.4 bu ac-1) (USDA-NASS, 2011). From 2002 to 2008, wheat yields ranged from 
1591 to 4517 kg ha-1, with a combined average of 3268 kg ha-1 and ranged from 812 to 4356 kg 
ha-1, with a combined average of 2470 kg ha-1, for the high- and low-residue treatments, 
respectively. From 2002 to 2008, a difference in soybean yield from residue burning was only 
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observed in 2003 when residue burning resulted in a greater soybean yield (4607 kg ha-1) as 
opposed to no burn (3575 kg ha-1). These observations support the notion that wheat-residue 
burning removes aboveground residue, thus depleting the C source that would otherwise be 
returned to the soil following decomposition. This notion is further supported by results 
following 6-years of consistent management, in which soil C in the top 10 cm in no-burn 
treatment averaged 2240 kg C ha-1 yr-1 more than under the burn treatment. 
Following 9 years of consistent management, along with soil properties and plant 
properties, soil respiration rates were measured throughout the soybean growing season of 2011 
and 2012 (Smith et al., 2014a). Soil respiration rates within individual plots ranged from 0.53 to 
40.7 and 0.17 to 13.1 µmol CO2 m-2 s-1 in 2011 and 2012, respectively. Under CT, 15.5% greater 
soil respiration rates were observed compared to NT (21.0 and 18.1Mg CO2 ha-1, respectively). 
Season-long CO2 emissions decreased by 10.2% under burned plots compared to non-burned 
(18.5 and 20.6 Mg CO2 ha-1, respectively). In addition, soil C respiration was more strongly 
correlated with tillage treatment than burning after 10 years of consistent management. Soybean 
yields in 2011 under irrigation and dryland were 3.2 and 1.7 Mg ha-1, respectively. 
Comparatively, in 2012 dryland soybean yields were 0.15 Mg ha-1 while irrigated soybean yields 
were 2.6 Mg ha-1 (Smith and Brye, 2014). Considering CO2 respiration pulse by 60 to 80 times 
from the baseline respiration rate, irrigation was correlated with greater rates of soil C 
respiration.  
Residue and soil properties along with water stable aggregates (WSA) were observed 
following 10 years of consistent management (Smith et al., 2014b). Irrigation for 6 years 
increased total C at a greater rate (0.11 kg m-2 yr-1) than dryland production for 3 years (0.04 kg 
m-2 yr-1). Aboveground wheat residue in 2011 was numerically greater (38%) under irrigation 
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(6.5 Mg ha-1) compared to dryland (4.7 Mg ha-1). Total water-stable aggregates (TWSA), the 
total amount of aggregates resistant to disruption by water action (Brady and Weil, 2008), was 
greater under CT (60.6 g kg-1) than under NT (50.8 g kg-1). Water-stable aggregates separated 
into four aggregate-size classes (i.e., 0.25-0.5, 0.5-1, 1-2, and >2 mm), decreased as aggregate-
size increased under all irrigation-tillage-residue-level and irrigation-tillage-depth combinations. 
The greatest WSA from 0 to 5 cm was observed in the 0.25- to 0.5 mm aggregate size class 
under the dryland-CT-low-residue (35.2 g kg-1) and dryland-CT treatment combinations (32.2 g 
kg-1) in comparison to the lowest observed WSA (<0.5 g kg-1) under seven of eight treatment 
combinations in the >2-mm aggregate size class. These results can be expected as tillage has 
been reported to increase soil aggregate and aggregate-C turnover rates (Six et al., 2000). In 
addition, increased CO2 emissions observed during the 2011 and 2012 soybean growing season 
were greatest under irrigated-CT management (Smith et al., 2013), indicative of an increase 
aggregate turnover rate resulting in smaller aggregate-size classes as a result of larger macro-
aggregate physical disintegration. Within irrigation management, WSA concentration in the 
0.25- to 0.5-mm size class in the top 5 cm decreased by 16% under CT (25.0 g kg-1) compared to 
NT (28.5 g kg-1), although under dryland management, WSA concentrations within the same size 
class increased by 24% in the top 5 cm under CT (35.2 g kg-1) and 17% in the 5 to 10 cm depth 
(25.2 g kg-1) compared to NT (28.5 and 21.5 g kg-1 for the respective depths). Under the high-
residue treatment, TWSA concentration in the top 10 cm was 22% greater under dryland-CT 
(55.0 g kg-1) compared to irrigated-NT treatment combination (44.7 g kg-1). Comparatively, 
when averaged over all other treatments, TWSA concentrations in the top 10 cm were 
numerically greater (11.9%) under dryland (54.8 g kg-1) than under irrigation (48.9 g kg-1). A 
similar reduction to TWSA was observed for WSA as WSA concentrations in the 0.25- to 0.5-
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mm size class in the top 10 cm under irrigated-low-residue management was reduced by 13% 
under CT (24.1 g kg-1), but increased by 38% within the same size class under dryland-low-
residue management. Comparatively, under NT-low-residue management, WSA in the 0.25- to 
0.5-mm size class in the top 10 cm increased under irrigation (27.8 g kg-1) compared to dryland 
(23.5 g kg-1) (Smith et al., 2014). Following 10 years of consistent management, TWSA 
concentration in the high-residue treatment increased by 13% in the 5- to 10-cm depth under 
irrigation (42.3 g kg-1) and by 10% in the top 5 cm under dryland (58.7 g kg-1) treatments. 
Comparatively, TWSA under the low-residue treatment in the 5- to 10-cm depth under irrigation 
increased by 48.7 g kg-1 and 65 g kg-1 in the top 5 cm. The high-residue treatment under 
irrigation and NT management had 23% lower WSA concentration in the 0.25- to 0.5- (21.3 g 
kg-1) and in the 0.5- to 1-mm (13.3 g kg-1) aggregate-size classes compared to the low-residue 
treatment under the same irrigation and NT management and size classes (27.8 and 16.6 g kg-1, 
respectively). 
 Norman et al. (2016) reported soil properties, residue, soybean yields, and general trends 
from the beginning of the WSDC study to the 13th year of consistent management. Under high-
N-fertilization, residue level was consistently greater than low-N-fertilization in six out of the 
eight years from 2008 to 2014. Averaged across burning, high-residue, and dryland treatments, 
bulk density increased over time at three times the rate compared to CT although after 9 years 
(i.e. 2010) bulk density began to decrease at a greater rate under NT compared to CT. These 
results indicated soil compaction resulting from field passes with heavy equipment exceed the 
effects of improved soil structure attributed to NT therefore increasing bulk density. For the first 
6 years of consistent management SOM in the top 10 cm increased at a rate of 0.097 kg m-2 yr-1 
although the rates did not differ under different treatment variables. While SOM content did not 
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change over time under irrigation, SOM under dryland production increased at a rate of 0.56 kg 
m-2 yr-1 until 2010 and subsequently decreased at a rate of 0.03 kg m-2 yr-1. Whole field averages 
of burning and non-burning in the top 10 cm resulted in a SOM content decrease by -0.02 kg m-2 
yr-1 under burning compared to 0.02 kg m-2 yr-1 under non-burning. Under dryland production, C 
content in the top 10 cm increased by 0.16 kg m-2 yr-1 until 2010 where C content decreased by 
0.01 kg m-2 yr-1. Comparatively, under irrigation, C content in the top 10 cm decreased by 0.16 
kg m-2 yr-1 until 2010 where C content increased by 0.01 kg m-2 yr-1. Soil N content in the top 10 
cm was only affected by irrigation. Under dryland production soil N content increased by 0.03 
kg m-2 yr-1 until 2010 then slightly decreased by 0.0002 kg m-2 yr-1. The soybean yield trend was 
only affected by irrigation as yields under irrigation increased until 2010 then slightly decreased 
compared to dryland production which sharply decreased yields until 11 years after conversion 
followed by slightly increased yields. Wheat yield trends similarly increased until 2010 then 
slightly decreased afterwards with no observable difference under individual treatments. Though 
differences in soil pH, Fe, S, Cu, Ca, Mg, and Zn existed over time, the results were 
agronomically non-significant for Arkansas soybean production (Slaton et al., 2013). Under the 
same water potential, gravimetric soil water content was greater under high-residue compared to 
low-residue management indicating greater soil water retention. In support of these results, 
Shaver et al. (2002) observed increased infiltration, bulk density, and water storage capacity 
under management practices which increase crop residue returned to the soil. 
 
Justification 
Agricultural sustainability, coupled with environmental and natural resource 
sustainability, comprises several intersectional issues facing soybean producers in the 
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Mississippi Delta region of eastern Arkansas. As groundwater continues to be depleted and the 
global population continues to grow, sustaining and/or increasing soybean production in a 
continuously water-stressed environment is a growing priority. Additionally, the compounding 
effects of predicted rising costs of water and fossil fuels will increase production and application 
expenses of external amendments, including fertilizers and pesticides. Further exasperating the 
issue of increased costs, environmental regulation will likely increase as public opinion 
increasingly discourages high-GHG-emitting production and natural resource depletion. Finally, 
climate change will result in increasingly volatile and unpredictable weather patterns, posing an 
additional degree of risk for producing large crop yields.  
 Alternative management practices can provide a sustainable and cost-effect way for 
soybean producers to ensure soil health, meet environmental goals, sustain natural resources, and 
retain economic viability. However, the cost associated with switching to alternative 
management practices presents a risk for soybean producers. Long-term studies are needed to 
increase the degree of confidence for the long-term benefits to soybean producers switching to 
alternative management practices. Short-term studies, commonly three years or less for field 
studies involving crops, cannot determine the long-term benefits of alternative management 
practices to soil health and crop production. For example, in this WSDC study, for the first three 
years soil bulk density increased at a greater rate under NT compared to CT, but in subsequent 
years bulk density decreased at similar rates in both NT and CT (Amuri and Brye, 2009). A 
short-term study would not have observed the counter-intuitive effects of a long-term study and 
the effects of NT would have been misinterpreted. 
 The need for increased water-use efficiency, reducing C footprint, and increasing C 
storage potential are imperative for sustainable soybean production without depleting natural 
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resources. Conventional agricultural practices dependent on N fertilizers derived from the Haber-
Bosch process (Havlin et al., 2014), several field passes with large, C-intensive machinery, and 
C loss from frequent soil disturbances, can all result in greater GHG emissions. Management 
practices that reduce external inputs, the number of passes made across a field with fossil-fuel-
burning machinery, and soil disturbances can result in increased soil C, thus creating an effective 
agronomic C sink in addition to decreased GHG emissions. Along with greater soil C storage and 
increased arability, parameters indicative of greater soil health, such as increased aggregation, 
infiltration, and SOM, can validate the benefits of alternative management practices.  
Long-term studies involving double-cropped soybean production with alternative 
management practices, including abstaining from burning wheat residue together with NT 
soybean planting and differences in irrigated vs. dryland production, can generate useful 
information that allows soybean producers to make educated decisions to retain/enhance the 
natural resources and economic viability of their soils. In addition to probable similar crop 
growth and yields under alternative management practices, a reduction in field passes and 
external inputs could increase the profit margin and reduce environmental impacts compared to 
conventional management practices. Further increasing the profit margin, state and federal 
monetary incentives to continue use or convert to conservation management practices will likely 
remain or increase as the emphasis on soil health and sustainability continues to rise. A better 
understanding of the effects of alternative management practices on soybean production in 
eastern Arkansas can be achieved with a long-term, consistently managed wheat-soybean 
double-crop field study. 
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Objectives and Hypotheses 
Objectives 
 The overall objective of this field study is to assess and compare the effects of alternative 
and traditional management practices, including wheat residue level, residue burning or non-
burning, and conventional tillage or no-tillage, and dryland or irrigated soybean production, in a 
long-term wheat-soybean, double-crop system in the Mississippi River Delta region of eastern 
Arkansas. Specific objectives of this study are to evaluate the effects of alternative and 
traditional management practices on i) surface infiltration after 11 and 14 complete cropping 
cycles and ii) particulate organic matter fractions and their associated C and N concentrations 
after 14 complete cropping cycles. 
 
Hypotheses 
Particulate Organic Matter 
 A greater POM concentration is expected with management practices that retain or 
increase surface residue cover and decrease soil disturbance; such practices include high residue 
level, no burn, NT, and dryland management. Management practices and soil conditions 
resulting in increased aggregation and SOM will result in a greater POM concentration. 
Management practices that increase soil disturbances and microbial activity will reduce the PC 
of aggregates (i.e., CT and irrigation) and will result in a greater proportion of micro-aggregates 
(< 53 μm) than macro-aggregates (53-250 μm) in addition to a lower amount of total POM 
compared to management practices that increase PC and lower soil microbial activity (i.e.. NT 
and dryland).  
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 Conventional tillage will result in a greater proportion of micro- to macro-aggregates 
compared to NT and will have lower intra-aggregate POM compared to NT. A high-residue level 
will increase the proportion of macro- to micro-aggregates and will increase intra- and inter-
aggregate POM compared to a low-residue level. Irrigation will likely decrease aggregate 
stability and have greater microbial biomass, thus increased microbial activity, subsequently 
increasing microbial breakdown of inter-aggregate POM compared to dryland production.  
Infiltration 
 Infiltration rates are expected to increase with management practices that decrease soil 
disturbances and retain or increase surface residue cover. Alternative management practices 
including NT, a large wheat residue level, and non-burning will likely have increased soil 
aggregation, macroporosity, and SOM near the soil surface, thus increasing infiltration. In 
contrast, traditional management practices, including CT, a low wheat residue level, and residue 
burning, will decrease aggregation, macroporosity, and SOM due to increased soil disturbances, 
reduced residue, and greater SOM oxidation, thus resulting in lower infiltration. Infiltration is 
expected to change over time and be greater after 14 cropping cycles under alternative 
management practices compared to after 11 cropping cycles, while infiltration under 
conventional management practices will change less over time.  
 Infiltration will likely be greater under NT than CT after both 11 and 14 complete 
cropping cycles. Infiltration will be greater under the high-residue compared to the low-residue 
treatment after both 11 and 14 complete cropping cycles due to increased SOM and root 
channels. Infiltration will be less under residue burning due to a reduction in surface residue and 
the hydrophobic nature of ash after both 11 and 14 complete cropping cycles. Infiltration will be 
greater under irrigated compared to dryland production due to increased opportunity for 
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subsurface channelization and increased microbial break down of roots resulting in hollow root 
channels after both 11 and 14 complete cropping cycles.  
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Chapter Two 
 
 Agronomic Management Practice Effects on Particulate Organic Matter in a Long-term 
Wheat-soybean, Double-Crop System in Eastern Arkansas 
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Abstract 
Characterizing and understanding the distribution of C and N among particulate organic 
matter (POM) fractions, including the light (LF) and intra-POM (iPOM) fraction, may be key to 
elucidating the mechanisms of C and N sequestration and aid in improving the long-term 
sustainability of soils with a long history of cultivated agriculture. The objective of this study 
was to evaluate the effects of agricultural management practices (i.e., residue level, residue 
burning, tillage, and irrigation) on POM aggregate fractions and their associated C and N 
concentrations and contents in the top 10 cm following 14 years of consistent management in a 
wheat (Triticum aestivum L.)-soybean (Glycine max [L.] Merr.), double-crop (WSDC) system in 
a silt-loam soil (Glossaquic Fraglossudalf) in the Lower Mississippi River Delta (LMRD) region 
of eastern Arkansas. Long-term treatment combinations affected (P < 0.05) several macro- (53-
250 µm) and micro-aggregate-(<53 µm)-derived coarse and fine POM fractions. Averaged 
across tillage and burn treatments, the coarse LF C content was 20.3% greater (P ≤ 0.02) in the 
irrigated-low- (107.3 g m-2) compared to the irrigated-high-residue (89.2 g m-2) and 65.4% 
greater than in the non-irrigated treatment combinations, which did not differ and averaged 64.8 
g m-2. Averaged across burning, tillage, and irrigation, the fine iPOM N content was 33.7% 
greater (P ≤ 0.04) in the low-residue (5.23 g m-2) compared to the high-residue treatment (3.91 g 
m-2). The effects of alternative management practices in a WSDC on POM fractions C and N 
contents can lead to improved soil health due to C and N storage in the LMRD region.  
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Introduction 
Through a process known as the greenhouse effect, greenhouse gases (GHGs), including 
carbon dioxide (CO2), methane, and nitrous oxide, increase atmospheric temperature by trapping 
thermal radiation that would otherwise escape the Earth’s atmosphere. Increasing average global 
air temperature, as a result of anthropogenic activities, is expected to increase the volatility and 
unpredictability of weather patterns in addition to exacerbating the frequency and duration of 
flooding and drought events (IPCC, 2013). In 2014, the agricultural sector accounted for 8.3% of 
total US GHG emissions, with agricultural soil management accounting for the largest 
proportion of emissions (EPA, 2016). In the United States, the plethora of CO2 emissions are 
sourced from fossil fuel combustion (93.7%), natural gas systems (0.76%), cement production 
(0.70%), and ammonia production (0.17%; EPA, 2016).  
In addition to reducing GHG emissions, the removal of CO2 from the atmosphere through 
C sequestration in C sinks can reduce the effects of GHGs. Soil organic matter (SOM), some of 
which is at least partially microbially processed organic residues within soils that is resistant to 
further microbial degradation, contains the largest terrestrial C reserve in the form of soil organic 
carbon (SOC; Follet, 2001; Lal, 2000). Implementing sustainable agricultural management 
practices and technologies that increase food production, while improving environmental 
conditions, can provide a semi-permanent C sink by increasing SOC storage (Pretty, 2008).  
Conventional agricultural management practices, such as repeated annual tillage and crop 
residue burning, can lead to reductions in soil C storage and degrade soil health, the capacity of a 
soil to sustain or promote plant and animal health and productivity, while maintaining or 
enhancing water and air quality (Doran, 2001; Franzluebbers and Doraiswamy, 2007). 
Approximately half of the SOC pool can be depleted from undisturbed ecosystems (i.e., forest 
72 
 
and grasslands) following conversion to cultivated agriculture within 10 years, largely due to 
conventional tillage (Lal and Bruce, 1999). Through the use of conservation tillage and 
alternative residue management practices, the SOC pool can increase substantially. Practices that 
reduce microbial activity and SOM decomposition, decrease soil disturbances, and increase plant 
productivity, including fertilization, cover cropping, and irrigation, are attributed to increases in 
SOM and subsequent SOC fractions. 
Soil aggregate formation and stability are important mechanisms for soil C storage. Soil 
aggregates are conglomerations of soil particles and organic matter held together with more 
stability than the surrounding unconsolidated soil. An aggregate’s ability to resist the destructive 
forces of tillage, raindrop impact, wind, and water erosion is known as aggregate stability 
(Kemper and Rosenau, 1986). Aggregate stability provides several benefits, including increased 
infiltration rates, reduced erosion, beneficial conditions for root growth and physical protection 
of SOM, thus increasing SOC by lowering exposure to oxidation, erosion, and microbial 
degradation (Wander and Bidart, 2000). Greater inputs of organic matter, coupled with reduced 
physical disturbances, can result in greater aggregate stability, subsequently leading to increased 
SOC and soil fertility (Six et al., 2000; Franzluebbers and Doraiswamy, 2007).  
Decomposition of plant residue accounts for approximately 70% of C respired as CO2 
while only about 30% is retained in the SOC pool within SOM following a growing season 
(Stevenson, 1986). Soil microbiota, including fungal hyphae and microbacterial-derived 
polysaccharides, produce organic polymers that help form and stabilize aggregates (Lal et al., 
2004). In a process described by Six et al. (1999), upon entry into the soil, fresh residues 
partially decompose forming particulate organic matter (POM), thus forming nucleation centers 
for aggregation and microbial activity (Puget et al., 1995). This microbial activity results in the 
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binding of fresh residues and induces macro-aggregate (> 250 µm) formation, which 
subsequently breakdown to form micro-aggregates (53-250 µm; Six et al., 2004). The non-
aggregated mineral fraction consists of silt- and clay-free primary particles (< 53 µm). Macro- 
and micro-aggregates reduce the degradation of labile C by physically protecting the POM. The 
aggregate protective capacity (PC), the protection of SOC against biodegradation, generally 
increases with increases in SOM and clay and reductions in tillage or other soil disturbances 
(Balesdent et al., 2000). Several mechanisms are responsible for macro-aggregate PC, including 
sorption of SOM to solid surfaces, sequestration into small pores, control of microbial turnover 
by predators, and O2 limitation (Balesdent et al., 2000). Quantifying C derived from within or 
between aggregate fractions can further support the understanding of POM-associated C 
accumulation by increasing PC. 
Subsequent SOC fractioning within POM-aggregate fractions are achieved through 
analytical definitions, including the light fraction (LF) or inter-aggregate POM, which consist of 
broken down and partially decomposed plant residue located between aggregates, and intra-
aggregate POM (iPOM), which consists of incorporated and physically stabilized organic matter 
within aggregates (Six et al., 1998). Inter- and intra-aggregate POM are fractionated based on 
aggregate size and consist of coarse LF (> 250 µm) and coarse iPOM (> 250 µm) within macro-
aggregates and fine LF (53-250 µm) and fine iPOM (53-250 µm) within micro-aggregates. In 
time and through soil disturbances, coarse iPOM can be further degraded and decomposed into 
fine iPOM or fine LF. Intra-aggregate POM decomposes slower than non-aggregate-bound inter-
aggregate POM, thus indicating iPOM and aggregate stability are directly correlated with soil C 
storage and retention (Paustian et al., 2000). 
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Soybean cropping is common in eastern Arkansas and can impart several effects on POM 
fractions. Most commonly, soybeans are grown in full-season, mono-cropped production system. 
However, of the 1.4 million ha of soybean planted in Arkansas in 2017 (USDA-NASS, 2017), 
which, based on 2013 data, an estimated 16% were planted in a double-crop system (USDA-
NASS, 2013), where winter wheat (Triticum aestivum L.) is most commonly paired with soybean 
in Arkansas (ASPB, 2001). In the wheat-soybean double-crop (WSDC) system in Arkansas, 
soybean is planted soon after wheat harvest, tillage, and/or residue burning, typically between 
May 25 and June 20 each year. Soybean is then typically harvested between October 15 and 
November 9, followed by wheat planting thereafter (USDA-NASS, 2008). 
Depending on available income, a producer may supplement the wheat crop with 
applications of nitrogen (N) fertilizer to optimize yield for grain harvest, although unfertilized 
wheat can be used solely for the benefits associated with winter cover cropping. Spring 
applications of N fertilizer on winter wheat can lead to greater biomass production resulting in 
greater soil N, aggregation, and SOC (Malhi and Gill, 2002). Split applications of N effectively 
increase N uptake and wheat yield by reduced N loss through leaching and denitrification 
(Sripada and Weisz, 2009). However, long-term N fertilization can result in soil acidification, 
partially due to microbial oxidation of ammoniacal fertilizers that release hydrogen ions (Avila et 
al., 2005; Barak et al., 1997).  
The application of fertilizers increases the production of plant biomass and excretion of 
root exudates, which can also result in increased POM (Banger et al., 2010; Malhi and Gill, 
2002). Management practices that result in greater SOC, including organic residue additions 
(Janzen et al., 1992) and nutrient applications (Nyborg et al., 1999), can also increase the 
proportion of LF C (Banger et al., 2010). In a long-term grassland field study, increasing rates of 
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annual N fertilization led to increasing amounts of total organic carbon (TOC) and LF C, with a 
proportional increase in LF C to the TOC mass (Malhi et al., 2003). However, a meta-analysis 
including many different soil textures, crops, and management variables showed no difference in 
LF C and total POM associated with N fertilization (Gosling et al., 2013). Fertilizer and/or 
farmland manure applications have been shown to increase the mean weight diameter of soil 
aggregates, which increases the PC of SOC and effectively inhibits decomposition (Banger et al., 
2009). 
The Delta region of eastern Arkansas has suffered from a decrease in SOM since the 
introduction of agricultural practices, including residue burning and conventional tillage, 
compared to soils under forage, turfgrass, and/or undisturbed native prairie management (Delong 
et al., 2003; Brye and Pirani, 2005). Traditionally, soil surface residues have been associated 
with mechanical planting difficulties, poor stand establishment, decreased efficacy of herbicides, 
and the release of growth-inhibiting allelopathic compounds, all of which can result in yield 
reductions (Sanford, 1982; Hairston et al., 1987). As a result, crop residues, particularly wheat 
residue, are viewed as a nuisance and are commonly burned or plowed under followed by 
disking to prepare the seedbed for double-cropped soybean following wheat (Sanford, 1982; 
Heatherly et al., 1996; Kelley and Sweeny, 1998; Prasad et al., 1999). In the mid-southern US, 
wheat residue burning in the WSDC system is a widespread practice (Frederick et al., 1998; 
Sanford, 1982). The effects of annual residue burning are speculated to take 20 to 30 years to 
realize the extent of negative impacts on SOM and crop yield (Rasmussen and Parton, 1994). 
However, Sanford (1982) observed decreases in SOM and total organic carbon (TOC) content 
following the burning of plant residues for agronomic management in a WSDC following four 
years of consistent management in a silty clay (Aquic Chromudert). Residue burning reduces 
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aboveground residue amounts, thus reducing potential aggregate nucleation sites and 
subsequently SOM. 
Conventional management practices for soybean production in the Lower Mississippi 
River Delta (LMRD) region of eastern Arkansas include conventional tillage (CT), residue 
burning, irrigation, and use of genetically modified (GM) varieties along with pesticides for 
weed control and have led to degradation of soil organic matter and aquifer depletion (Scott et 
al., 1998; Six et al., 2004). Conversely, conservation management practices, such as no-tillage 
(NT), dryland production, and abstaining from burning post-harvest residue, can subsequently 
decrease runoff and erosion, decrease groundwater depletion, and increase SOM (Dabney, 1998; 
Six et al., 2004). No-tillage is a tillage system in which the soil is left undisturbed from harvest 
to planting, which is accomplished via direct drill-seeding or by cutting a narrow slit in the 
residue and soil surface in which to drop the seed (CTIC, 2004). Increasing the use of 
conservation management practices in WSDC systems could provide a method to sustainably 
maintain and/or intensify agricultural productivity in the LMRD region.  
Aside from affecting soil physical properties, tillage can substantially affect soil 
biological properties, namely microorganisms. Changes in microbial composition of the fungal 
and bacterial biomass have been attributed to NT (Alvarez et al., 1995; Holland and Coleman, 
1987), as NT changes microclimates in the surface residue layer. The microclimate at the surface 
under NT creates less soil disturbance of the surface residue layer resulting in poor conditions for 
microbial activity, which leads to reduced rates of litter decomposition (Six et al., 1999). 
However, microbial biomass levels have reportedly increased under NT compared to CT (Liebig 
et al., 2004). Fungi are able to access spatially separated resources (Frey et al., 2000), such as 
surface litter under NT, and have been shown to increase under NT compared to bacteria 
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(Nicolardot et al., 2007). However, several studies have shown bacteria and fungi to both 
increase under NT compared to CT (Helgason et al., 2009; Minoshima et al., 2007; Six et al., 
2006). Balesdent et al. (2000) suggested tillage increased incorporation of organic C within 
aggregates by increasing contact between plant residue and the soil mineral matrix. However, the 
amount of SOM, which generally decreases under tillage practices that increase soil disturbance 
(Morgan et al., 2010; Six et al., 2004), directly effects the ability of soil to partition soil C among 
POM fractions. 
Tillage practices have been shown to significantly alter the proportion of total SOC, total 
POM, LF POM, and iPOM in the bulk soil and within aggregate-size fractions at the soil surface. 
An increase in the macro-aggregate fraction under NT compared to CT is commonly reported 
(Andruschkewitsch et al., 2013; Kumari et al., 2011; Yoo and Wander, 2008). Total SOC is 
consistently observed to be greater in approximately the top 10 cm of soil under NT compared to 
CT (Jagadamma et al., 2010; Yoo and Wander, 2008). After several years of consistent 
management, total POM C has been observed to increase under NT compared to CT in the top 10 
cm of soil (Alvaro-Fuentes et al., 2008; Jagadamma and Lal, 2010; Liebig et al., 2004). 
However, a multiple regression using 150 studies showed no difference in POM and LF C 
concentrations between tillage treatments (Gosling et al., 2013). An increase in coarse and fine 
iPOM under NT compared to CT is also commonly observed (Kumari et al., 2011; Yoo and 
Wander, 2008). However, Six et al. (1999) reported greater fine iPOM and no difference in 
coarse iPOM under NT compared to CT in the top 5 cm of soil. Several studies indicated NT 
increases soil LF C and N compared to CT (Andruschkewitsch et al., 2013; Ramnarine et al., 
2015; Tan et al., 2007), while other studies reported no difference between tillage treatments 
(Gosling et al., 2013; Six et al., 1999). 
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Most soybean production in Arkansas is irrigated during the growing season to sustain 
adequate soil moisture for plant growth and insure optimum soybean yields (USDA-NASS, 
2016). Despite the yield increase associated with irrigation, irrigation can be less profitable due 
to increased production expenses (Parsch et al., 2001). Additionally, profitable management 
practices that decrease dependence on irrigation will become increasingly valuable as depletion 
of groundwater aquifers in the LMRD region continues to be of increasing concern (Scott et al., 
1998). Alternative management practices can increase profitability, while sustaining resource use 
and soil health, as observed under fine-textured soils coupled with NT management, resulting in 
decreased irrigation needs (Verkler et al., 2009). Greater soil moisture induces a plethora of 
reactions and interactions that can increase and/or decrease SOM and SOC. Greater soil moisture 
increases plant and microbial biomass production, which can subsequently increase SOM, SOC, 
and the macroaggregate fraction, potentially increasing POM (Blanco-Canqui et al., 2010). 
However, increasing soil moisture, to a certain point, also promotes microbial decomposition of 
SOM (Churchman and Tate, 1986) and slaking of unstable aggregates, thus potentially 
decreasing POM (Six et al., 2000). An increase in microbial activity and soil water content from 
irrigation can also accelerate C and N cycling (Gillabel et al., 2007; Sainju et al., 2008; Jabro et 
al., 2008). Lal and Bruce (1999) reported irrigated cropland sequestered between 50 to 150 kg 
ha-1 more C than non-irrigated cropland, although the effects of irrigation on SOC are complex 
and difficult to predict.  
In the southern United States, there are few long-term studies examining the effects of 
agricultural practices on POM. Therefore, the objectives of this field study were to assess and 
compare the effects of alternative and traditional management practices, including wheat residue 
level, residue burning and non-burning, CT and NT, and dryland and irrigated soybean 
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production on POM fractions and their associated C and N contents after 14 years of consistent 
management in a long-term WSDC system in the LMRD region of eastern Arkansas. 
It was hypothesized that management practices that increase soil disturbances and reduce 
plant matter (i.e., CT and residue burning) will reduce aggregate PC and residue input 
subsequently resulting in a reduction in micro- (< 53 μm) and macro-aggregates (53-250 μm) 
compared to management practices that increase aggregate PC and residue input (i.e., NT and 
residue retention). The residue level and/or burn treatments are hypothesized to decrease the 
aggregate fraction by reducing aboveground residue. The irrigation and/or high-residue-level 
treatments are hypothesized to increase the aggregated fraction and increase coarse LF C content. 
Conventional tillage is expected to result in a greater micro-aggregate fraction, reduced macro-
aggregate fraction, increased total bacterial biomass, lower total fungal biomass, and reduced 
coarse LF-C and -N contents compared to NT.  
 
Materials and Methods 
Site Description 
A WSDC system was established in Fall 2001 at the University of Arkansas – Division of 
Agriculture’s Lon Mann Cotton Research Station (N 34˚, 44’, 2.26”; W 90˚, 45’, 51.56”; Cordell 
et al., 2006) near Marianna in the Southern Mississippi Alluvium [Major Land Resource Area 
(MLRA) 131A]. Major Land Resource Area 131A occupies areas of Louisiana (32%), Arkansas 
(26%), Mississippi (26%), Missouri (12%), Tennessee (3%), and Kentucky (1%) and makes up 
most of the Mississippi Alluvial Plains along the Mississippi River, south of the confluence with 
the Ohio River (NRCS, 2006). Maximum local relief throughout the region encompassing the 
study site is ~ 5 m, although relief is lower in most of the area (NRCS, 2006). The mean annual 
80 
 
air temperature in the region is 16.6˚C, with a mean minimum January and mean maximum July 
air temperature of 4.2 and 27.5˚C, respectively (NOAA, 2017). Annual precipitation is 128 cm 
based on the 30-yr annual mean (i.e., 1981-2010; NOAA, 2017). The combined relatively flat 
topography and relatively warm, wet climate make for a highly productive agricultural area. The 
field study is located on a Calloway silt-loam (fine silty, mixed, active, thermic Glossaquic 
Fraglossudalf; Brye et al., 2006b; NRCS-SSS, 2017) with 16% sand, 73% silt, and 11% clay in 
the top 10 cm (Brye et al., 2006a).  
 
Treatment and Experimental Design 
Study plots were originally configured in a three-factor, split-strip-plot experimental 
design with six replications of eight treatment combinations (Cordell et al., 2006). The three 
original treatment factors included high- and low-residue level, wheat residue burning and no 
burning, and CT and NT (Cordell et al., 2006; Figure 1). Two residue levels were attained with 
different N fertilization (Cordell et al., 2006; Smith et al., 2013). A fourth field treatment was 
added in 2005 by dividing the study area in half and establishing two irrigated and two non-
irrigated (i.e., dryland) blocks (Verkler et al., 2009; Figure 1). However, logistical field 
management constraints resulted in irrigated and dryland blocks corresponding directly to the 
burn and non-burn treatment blocks, thus the irrigation and burning treatments are unable to be 
simultaneously statistically evaluated (Amuri et al., 2008; Smith et al., 2014a). At present, there 
are 48, 3-wide x 6-m-long plots consisting of six replications of each tillage-burning-residue-
level combination and three replications of every tillage-irrigation-burning-residue-level 
combination (Amuri et al., 2008). 
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Field Management 
Before establishing the WSDC system in Fall 2001, the field had been under mono-
cropped soybean production using CT for at least five years (Cordell et al., 2006). Prior to drill-
seeding the wheat variety Coker 9553 with 19-cm row spacing, initial field preparation in Fall 
2001 included disking twice followed by broadcast application of N (20 kg ha-1), P (22.5 kg ha-
1), K (56 kg ha-1) and pelletized limestone (1120 kg ha-1). From 2002 through 2004, all 48 plots 
were broadcast-fertilized by hand with urea (46% N) at the rate of 101 kg N ha-1 in 
approximately early March each year. To produce high- and low-residue levels, the high-residue 
plots (n = 24) were further broadcast-fertilized by hand with 101 kg N ha-1 in late March, close to 
the late-jointing stage. Failed wheat-stand establishment occurred in Fall 2004 due to prolonged 
wet soil conditions, resulting in no N fertilizer application in Spring 2005. From 2006 onward, 
the high-residue plots received a split application of urea in late February (56 kg N ha-1) and in 
late March (56 kg N ha-1), while the low-residue plots have received no N fertilizer since 2006, 
which has resulted in at least numeric, and often significant, residue-level differences (Smith et 
al., 2014a). 
Each year, in early to mid-June, wheat was harvested using a plot combine with a 1.5- to 
2-m wide header. Immediately following harvest, wheat residue from each plot was uniformly 
spread back on the plot by manual raking. Soil surface residue uniformity was further attained by 
use of a rotary mower to cut down the remaining wheat stubble to a height of ≤ 10 cm. After 
mowing, half of the plots were burned by propane flaming, thus introducing the wheat residue 
burning treatment. Wheat-residue burning did not occur in 2005, 2007, and 2012 due to the lack 
of a wheat stand, prolonged wet soil conditions, and overly weedy conditions, respectively. The 
tillage treatment was imposed yearly following the burn treatment. The common, regional, pre-
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soybean-planting tillage operation is CT, which begins by disking at least twice with a tandem 
disk to a depth of approximately 10 cm followed by at least three passes with a soil conditioner 
(i.e., Triple K or Do-All) for seedbed smoothing.  
From 2002 to 2013, around mid-June, following wheat harvest and burning and tillage 
treatment implementation, a glyphosate-resistant soybean (maturity group 5.3 or 5.4) was drill-
seeded with 19-cm row spacing at a rate of approximately 47 kg seed ha-1. From 2014 onward, 
an improved glyphosate-resistant soybean cultivar (Liberty link 4.9 maturity group) was drill-
seeded at a rate of approximately 101 kg seed ha-1. Application of potassium (K) fertilizer 
followed recommended rates (UACES, 2000) when needed according to the previous year’s soil-
test K requirements. From 2002 to 2004, every plot was furrow-irrigated as needed three to four 
times throughout the soybean growing season. From 2005 onward, a levee has been established 
to exclude irrigation from half of the plots to introduce the dryland treatment, which receives 
only natural rainfall. Following University of Arkansas Cooperative Extension Service 
recommendations, annual weed and insect management throughout the study included herbicide 
and insecticide applications during the wheat and soybean growing season on an as-needed basis 
(UACES, 2000). Soybean harvest using a plot combine generally occurred in late October to 
early November each year. Following soybean harvest, the subsequent wheat crop was sown 
without any other field manipulations to begin the next cropping cycle. 
 
Soil Sampling, Processing, and Analyses 
After wheat harvest and before burning, one soil core was collected from the top 10 cm 
using a 4.8-cm-diameter stainless steel core chamber and slide hammer. Samples were oven-
dried for 48 hr at 70˚C and weighed to determine bulk density, then ground to pass through a 2-
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mm mesh screen (Verkler et al., 2009) for annual soil chemical property analyses (Brye et al., 
2006a). Soil samples for bulk density were also collected with the core chamber on May 27 and 
August 20, 2015 and on June 7, 2016 from the top 10-cm.  
Soil chemical property analyses were conducted each year using dried, ground soil 
collected at the spring sampling. An electrode was used to potentiometrically determine soil pH 
and electrical conductivity (EC) in a 1:2 (w/v) soil-to-water suspension. Weight-loss-on-ignition 
was used to determine SOM concentration after 2 hours at 360˚C (Schulte and Hopkins, 1996). 
High-temperature combustion was used to determine total soil C and N concentrations with a 
LECO CN-2000 analyzer (LECO Corp., St. Joseph, MI) or an Elementar VarioMax Total C and 
N Analyzer (Elementar Americas Inc, Mt. Laurel, NJ). Soil in the upper solum did not effervesce 
upon treatment with dilute hydrochloric acid, thus all soil C was assumed to be organic C (Brye 
et al., 2006a). Soil C:N ratios were calculated using measured C and N concentrations. 
Extractable soil nutrient (i.e., P, K, Ca, Mg, S, Fe, Na, Mn, and Cu) concentrations were 
determined by extracting soil with Mehlich-3 extractant solution in a 1:10 (w/v) soil-to-
extractant solution ratio (Tucker, 1992) followed by analysis using inductively coupled, argon-
plasma spectrophotometry (ICAPS; CIROS CCD model, Spectro Analytical Instruments, MA). 
On September 15, 2015, 15 weeks following soybean planting, in order to reduce 
temporal variability associated with the most recent imposed treatments (Marschner et al., 2011), 
12 to 15, 2-cm-diameter soil cores were collected at random from the top 10-cm using a push 
probe and combined for one sample per plot to assess long-term management practice effects on 
POM fractions and their associated C and N concentrations according to procedures described by 
Six et al. (1999; Figure 2). An additional set of soil samples were collected using the same 
procedures for characterizing microbial biomass. 
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Plant Sample Collection and Processing 
Wheat grain was harvested from the middle 1.5 to 2 m of each plot and air-dried for 
approximately three weeks before oven-drying a sub-sample at 70oC for 48 hr to determine dry 
grain mass. Once standing wheat residue was mowed with a rotary mower following harvest, 
aboveground residue was collected within a 0.25-m2 metal frame, then oven-dried for 7 days at 
55˚C, and weighed. Soybean grain was also harvested from the middle 1.5 to 2 m of each plot 
and air dried for approximately three weeks before oven-drying a sub-sample at 70oC for 48 hr to 
determine dry grain mass. Wheat and soybean grain dry masses were adjusted to 13% moisture 
content for yield reporting.  
 
Particulate Organic Matter Determinations 
After air-drying for several weeks, soil samples were hand-crushed to pass through an 8-
mm sieve, then two sub-samples of approximately 95 g per plot of air-dried soil were separately 
wet-sieved using a soil-slaking procedure to derive macro- (> 250 µm), micro-aggregate (> 53 to 
< 250 µm), and silt-clay (< 53 µm) fractions (Elliott, 1986; Cambardella and Elliott, 1993; Six et 
al., 1998; Figure 2). Sub-samples were individually sieved by allowing the soil to soak in a 30-
cm diameter, 250-µm sieve within an 8-cm tall, plastic basin filled with water to 1-cm above the 
sieve for 5 minutes to induce slaking. Following slaking, the sieve and soil were oscillated for 2 
minutes by manually moving the sieve up and down 50 times at a 3-cm amplitude. Soil retained 
on the 250-µm sieve (i.e., the macro-aggregate fraction) was transferred by light washing to a 
pre-weighed metal pan and floating organic material was decanted, dried for 24 hours at 105˚C 
in a forced-air oven, allowed to cool in a desiccator, weighed, and stored for further 
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fractionation. The soil that passed through the 250-µm sieve was transferred onto a 53-µm sieve, 
placed in another 8-cm tall plastic basin, and the sieving procedure was repeated. The soil 
remaining on the 53-µm sieve (i.e., the micro-aggregate fraction) was then transferred onto a pre-
weighed metal pan, floating organic material was decanted, dried for 24 hours at 105˚C in a 
forced-air oven, allowed to cool in a desiccator, weighed, and stored for further fractionation. 
After 24 hours, allowing the soil to settle out of suspension, the water remaining in the plastic 
basin was decanted and the sediment that passed through the 53-µm sieve (i.e., the silt-clay 
fraction) was transferred to a pre-weighed metal pan, dried for 24 hours at 105˚C in a forced-air 
oven, allowed to cool in a desiccator, and weighed. No samples of the silt-clay fraction were 
retained for chemical analyses.  
To obtain the light fraction (LF) (i.e., the POM surrounding and between aggregates), 
three approximately 5-g sub-samples of the micro- (> 53 µm) and macro-aggregate (> 250 µm) 
fractions were placed in 50-mL, glass beakers and oven-dried over-night at 105˚C in a forced-air 
oven to obtain the coarse and fine LF, respectively. The next morning, sub-samples were taken 
out and allowed to cool in a desiccator, weighed, and placed into separate 50-mL centrifuge 
tubes filled with 30-mL of 1.8 g cm-3 sodium iodide (NaI). Differences in material recovery 
using NaI rather than sodium polytungstate for density dispersion have been shown to be 
insignificant, despite the different behavioral properties (Sequeira et al., 2011; Wander, 2004). 
Centrifuge tubes were then capped and gently manually shaken 10 times by inverting the tube 
with a 4-cm amplitude in an oscillating pattern. The cap and sides of centrifuge tubes were then 
rinsed with NaI to the 40-mL mark. Additional NaI was added to each centrifuge tube to bring 
the final volume up to the 50-mL mark. Samples, without caps, were put under a vacuum at 91.4 
kPa (13.25 lb in-2) for 15 minutes to remove air entrapped within soil aggregates then allowed to 
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stand for 10 minutes. Samples were then centrifuged for 30 minutes at 20˚C and 2200 
revolutions per minute (rpm). Floating material from the macro- and micro-aggregate fractions 
were then separately aspirated onto a 20-µm nylon filter mounted in a Metricel filter unit (GN-6; 
Pall Life Sciences Corporation, Ann Arbor, MI). The walls of the vacuum flask and hose were 
then washed with 75-mL of calcium chloride (CaCl2) followed by 75-mL of distilled water into 
the filter unit to wash away NaI from the LF because halogens may interfere with some methods 
of C analysis and CaCl2 helps prevent the clogging of the filter (Gregorich and Ellert, 1993). The 
coarse and fine LF were further rinsed with 75 -L of distilled water on the 20-µm nylon net filter 
(Model NY20, Merck Millipore Ltd., Tullagreen, Ireland), then the coarse and fine LF were 
transferred to a pre-weighed, 50-mL glass beaker and oven-dried at 105˚C in a forced-air oven 
over-night for at least 15 hours. After drying, the coarse and fine LF sub-samples within the 50-
mL beakers were placed in a desiccator to cool off, then were weighed and stored in 20-mL glass 
scintillation vials for subsequent chemical analyses.  
To obtain total POM (i.e., POM within and around aggregate fractions), two, 
approximately 5-g sub-samples of the macro- (> 250 µm) and micro-aggregate (> 53 µm) 
fractions were placed in 50-mL, glass beakers and oven-dried over-night at 105˚C in a forced-air 
oven to obtain the coarse and fine total POM, respectively. The next morning, both respective 
sub-samples were removed from the oven, cooled in a desiccator, weighed, and added to 100-mL 
cylindrical glass tubes filled with 30 mL of sodium hexametaphosphate solution [5 g L-1 
(NaPO3)6 ] and shaken on a reciprocal shaker for 18 hours or overnight to accomplish full 
dispersion. Dispersed samples were then poured over a 53-µm sieve in a plastic basin, rinsed 
thoroughly until the water coming through the sieve was clear, then the sand and total POM was 
lightly washed into a pre-weighed, 50-mL glass beaker and oven-dried over-night at 105˚C. 
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After 24 hours, the intra-aggregate sub-samples within the 50-mL beakers were cooled in a 
desiccator, weighed, and stored in 20-mL glass scintillation vials for subsequent chemical 
analyses. The difference in the initial 5-g sub-sample mass and total POM mass constituted the 
silt and clay fraction. The sand fraction was assumed to equal the mass of the total POM and C 
or N concentrations per aggregate were adjusted to a sand-free basis using the following formula  
 (Six et al., 1998): 
        [1] 
 
Bulk soil, macro-aggregate, coarse LF, coarse total POM, micro-aggregate, fine LF, and 
fine total POM sub-samples were homogenized by grinding/mixing for 20 seconds with a metal 
ball using a Wig-L Bug® (Model MSD, DENTSPLY, York, PA, USA). Due to small sub-
sample size, fine LF was homogenized within glass vials by crushing and mixing sub-samples 
with a 3-mm-diameter metal handle. In addition, after obtaining C concentrations, fine LF plot 
replicates were homogenized to obtain enough material for N concentration analysis. Soil-
fraction sub-samples were weighed in small tin capsules for C and N concentration analyses 
using an elemental analyzer (Model NC2500, Carlo Erba, Milan, Italy). Carbon concentration 
was calculated through quantitative combustion of C to CO2, while NOx was reduced to N2 in a 
reduction reactor. Using a gas chromatography column (Carlo Erba NC2500, Milan, Italy), CO2 
and N2 were separated and transferred to a Delta plus isotope ratio mass spectrometer (Thermo 
Finnigan, Bremen, Germany) through a continuous-flow interface. Quantitative results were then 
normalized through standards of varying weights to create a calibration curve to correct for any 
instrumental drift. All C and N concentrations were converted to content units (g m-2) using 
measured soil bulk densities obtained on 20 August, 2015. The coarse and fine intra-aggregate 
Sand-free (C or N)fraction = 
(C or N)fraction 
1 – (sand proportion)fraction 
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POM (iPOM), coarse and fine, silt-clay, and bulk silt-clay C and N contents were determined 
using the following equations: Coarse total POM − coarse LF = coarse iPOM             [2] Fine total POM− fine LF = fine iPOM             [3] 
Macro-aggregate − coarse total POM =  coarse silt-clay             [4] 
Micro-aggregate − fine total POM =  fine silt-clay                 [5] 
Bulk-soil −(coarse total POM + fine total POM) =  bulk silt-clay            [6] 
 
Microbial Biomass Determinations 
Soil samples for microbial biomass were kept cool after sampling and sent overnight to 
Earthfort (Corvallis, OR) for total bacterial and fungal analyses. Total bacteria was determined 
through direct microscopic observation and included live, dead, beneficial, disease causing, oxic, 
and anoxic bacteria (Babiuk and Paul, 1970). Total fungal biomass was determined by the length 
of fungal hyphae rather than individual cell count (Ingham and Klein, 1984). Total bacterial and 
fungal biomass is reported as micrograms of biomass per gram of dry soil (µg g-1). In addition, 
the fungal-to-bacterial biomass ratio was calculated from concentration measurements. Total 
bacterial and fungal biomass concentrations were then converted to contents (kg ha-1) using a 10 
cm soil depth and the measured bulk density on a plot-by-plot basis.  
 
Data Analyses 
Due to confounding logistical constraints, the irrigation treatment block added in 2005 
directly corresponds to the residue burn treatment block making both treatments unable to be 
simultaneously statistically analyzed. As a result, two separate three-factor analyses of variance 
(ANOVAs) were conducted using the PROC MIXED type three least squared procedure in SAS 
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(version 9.4, SAS Institute, Inc., Cary, NC) to evaluate the effects of tillage, burning, residue 
level, and their interactions as well as tillage, irrigation, residue level, and their interactions on 
soil (i.e., bulk density, pH, EC, P, K, Ca, Mg, S, Na, Fe Mn, Zn, Cu, total C, total N, and SOM 
concentrations), plant (i.e., wheat residue level and soybean yield), POM aggregate-separation 
fractions (i.e., silt-clay, macro- and micro-aggregate), POM C:N ratio by concentration, C and N 
concentration (i.e., macro- and micro-aggregate, coarse and fine LF and coarse and fine total 
POM), POM C:N ratio by content, C and N content (bulk soil, macro- and micro-aggregate, 
coarse and fine LF, coarse and fine iPOM, coarse and fine total POM, coarse and fine silt-clay 
and bulk silt-clay) and microbial concentration and content (i.e., total fungal, total bacterial and 
total microbial biomass and fungal:bacterial ratio) properties. For certain variables, the least 
squared means were not achievable using the PROC MIXED type-three least-squared procedure, 
likely due to the pattern of missing data or blocking randomization, resulting in the use of the 
PROC MIXED maximum likelihood procedure.  
In addition, a one-factor ANOVA was conducted using the PROC MIXED procedure in 
SAS to evaluate the effect of time (i.e., 2002 and 2015) on microbial biomass concentrations and 
contents (i.e., total fungal, total bacterial, and total microbial biomass) properties. When 
appropriate, means were separated using least significant difference (LSD) at the α = 0.05 level. 
A correlation analysis was performed using Minitab (version 13.31, Minitab, Inc., State College, 
PA) among total bacterial, total fungal, and total microbial (i.e., bacterial plus fungi) biomass 
contents and macro-aggregate, micro-aggregate, and silt-clay fractions in addition to bulk-soil, 
macro-aggregate, micro-aggregate, silt-clay, coarse and fine total POM, iPOM, LF, and silt-clay 
C contents and C:N ratios.  
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Results and Discussion 
Residue-level Differences 
After 13 years of consistent management in the WSDC system, wheat-residue level from 
2015 was 1.6 times greater (P ≤ 0.01; Table 1) in the high- (6836 kg ha-1) compared to the low-
residue treatment (4379 kg ha-1), which confirms that intended residue-level treatment. The 
amount of residue and residue-level difference of 56% between the high- and low-residue 
treatments in 2015 is consistent with differences in previous years in this long-term field study 
(Amuri et al., 2008; Smith et al., 2014b). 
 
Soil Property Differences 
Following nearly 14 years of consistent management in a WSDC system, several soil 
property differences were present in the top 10 cm of soil following wheat harvest in 2015. 
Averaged across irrigation treatments, soil pH was 4.7% lower (pH = 6.4; P < 0.04; Table 2) in 
the NT-burn-high-residue-level combination compared to the average of the remaining seven till-
burn-residue-level combinations (pH = 6.7), which did not differ. Additionally, averaged across 
tillage, burn, and residue-level treatments, soil pH was 14.5% greater (P ≤ 0.04; Table 2) under 
the irrigated (pH = 7.1) compared to non-irrigated treatment (pH = 6.2), likely due to the slightly 
basic pH of groundwater used for irrigation. Soil EC was unaffected by any field treatments and 
averaged 0.084 dS m-1 throughout the entire study area. However, soil pH ranged from 5.5 to 7.4, 
remaining above the threshold soil pH of 5.5 in a silt-loam soil to potentially cause soybean yield 
loss (UACES, 2000). 
Averaged across irrigation and residue-level treatments, total N and C differed among 
tillage-burn treatment combinations. Total N concentration was 1.0% greater (P ≤ 0.03; Table 2) 
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in the NT-no-burn (0.17%) compared to the average of the remaining three tillage-burn 
combinations, which did not differ (0.16%; Table 3). Total C concentration was 21.4% greater (P 
≤ 0.03; Table 2) in NT-no-burn (1.31%) compared to the NT-burn combination (1.08%), while 
the total C in the CT-burn and CT-no-burn combinations, which did not differ and averaged 
1.18%, were intermediate between the two NT-burn treatment combinations (Table 3). Greater 
near-surface soil water contents associated with NT and no-burn (Verkler et al., 2008) may have 
increased biomass production, subsequently increasing total C concentration. In addition, 
averaged over irrigation and burn treatments, SOM concentration was 11.9% lower (P ≤ 0.04; 
Table 2) in the CT-low- (2.19%) compared to the CT-high- (2.36%), while the NT-high- and 
low-residue combinations averaged 2.42% and did not differ (Table 3). 
Following wheat harvest in 2015, after nearly 14 years of consistent management in the 
WSDC, several soil nutrient concentrations in the top 10 cm were affected by the field 
treatments. Averaged over irrigation and residue-level treatments, extractable soil P 
concentration was 1.2 times greater (P ≤ 0.04; Table 2) in the CT-burn (25.0 mg kg-1) compared 
to the NT-burn combination (20.5 mg kg-1), while the soil P concentration in the CT-no-burn and 
NT-no-burn combinations, which did not differ and averaged 24.0 mg kg-1, were intermediate 
and did not differ between the two tillage-burn treatment combinations (Table 3). For optimal 
soybean production in loess soils, the soil P concentration must remain above 20 and 13.5 mg kg-
1 in irrigated and non-irrigated production, respectively (UACES, 2000). The mean soil P 
concentration was adequate for optimal soybean production. 
Averaged over tillage, burn, and irrigation treatments, extractable soil K concentration in 
the top 10 cm, was 12.8% greater (P ≤ 0.03; Table 2) under the high- compared to the low-
residue treatment (77.2 and 68.4 mg kg-1, respectively). These soil K concentrations were both 
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below the recommended minimum concentration for optimal soybean yields under irrigated and 
non-irrigated production (110 and 100 mg kg-1, respectively; UACES, 2000). 
Averaged across burn, irrigation, and residue-level treatments, extractable soil Ca in the 
top 10 cm was 4.2% greater (P < 0.01; Table 2) under CT compared to NT (1327 and 1274 mg 
kg-1, respectively). Averaged across irrigation and residue-level treatments, extractable soil Mg 
concentration in the top 10 cm was 23.6% and 12.2% greater (P ≤ 0.04; Table 2) in the CT-burn 
(329 mg kg-1) compared to the NT-no-burn (266 mg kg-1) and NT-burn combinations (293 mg 
kg-1) respectively, which did not differ, while soil Mg in the CT-no-burn (282 mg kg-1) was 5.9% 
greater than that in the NT-no-burn combination, but soil Mg did not differ between the CT-burn 
and CT-no-burn combinations (Table 3). Averaged across the other two treatments, extractable 
soil Cu concentration in the top 10 cm was 7.9% greater (P < 0.01; Table 2) under CT (1.40 mg 
kg-1) than under NT (1.29 mg kg-1) and was 5.3% lower (P ≤ 0.04; Table 2) under irrigated (1.31 
mg kg-1) than under non-irrigated soybean production (1.38 mg kg-1). Though several differences 
in soil-fertility-related soil properties existed among field treatments at the beginning of the 2015 
soybean growing season, those differences were relatively small and non-agronomically 
significant for soybean production. 
Following nearly 14 years of consistent management in a WSDC system, approximately 
three months following soybean planting in 2015, averaged over irrigation and residue-level 
treatments, bulk density in the top 10 cm was 7.2% lower (P < 0.04; Table 1) in the NT-no-burn 
(1.22 g cm-3) compared to the combined average of the remaining three tillage-burn treatment 
combinations (1.31 g cm-3), which did not differ. The measured bulk densities in the 2015 
soybean growing season are consistent with observations from previous years in this long-term 
field study (Norman et al., 2016; Smith et al., 2014b). 
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Environmental Conditions during the 2015 Soybean Growing Season 
The 30-yr (i.e., 1981-2010) average total rainfall from June through October is 43.1 cm 
(NOAA, 2017; Figure 3). However, total rainfall for the 2015 soybean growing season (i.e., from 
June through October), was 28.6 cm, which represented only 66% of the 30-yr average for the 
same months (NOAA, 2017; Figure 3). 
The monthly air temperature during the 2015 soybean growing season ranged from 18.2 
to 28.2ºC and averaged 24.7ºC, which was slightly greater than the 30-year average air 
temperature of 24.2ºC for the same months (NOAA, 2017; Figure 3). Aside from September, 
which had a mean monthly air temperature slightly lower than the 30-yr mean, monthly air 
temperatures were comparable to, but slightly greater than, the 30-yr mean monthly air 
temperature throughout the soybean growing season (NOAA, 2017). 
 
Treatment Effects on Particulate Organic Matter 
Particulate Organic Matter Size Fractions 
Under a loess-derived soil with a silt-loam surface texture in the LMRD region of eastern 
Arkansas, averaged across irrigation treatments, the macro-aggregate fraction of soil in the top 
10 cm ranged from 50.3% under the NT-burn-low- to 67.1% under the CT-no-burn-high-residue 
treatment combination, which was similar to observations by Tan et al. (2007) in the top 5 cm of 
a silt-loam soil (Aquultic Hapludalfs) and Carter et al. (2002) in the top 10 cm at 14 agricultural 
sites on Gleysolic, Pedzolic, Luvisolic, and Brunisolic soils (Table 4). Averaged across irrigation 
treatment, the micro-aggregate fraction ranged from 19.5% under the CT-non-burn-high- to 
34.3% under the NT-burn-high-residue treatment combination, which was slightly less than that 
reported by Tan et al. (2007) in Coshocton, OH under continuous corn (Zea mays L.) 
management. Averaged across irrigation, the silt-clay fraction ranged from 13.5% under the CT-
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no-burn-high- to 16.3% under the CT-burn-low-residue treatment combination. Comparatively, 
averaged across burn treatments, the macro-aggregate fraction ranged from 51.9% under the NT-
non-irrigated-high- to 70.5% under the CT-non-irrigated-high-residue, while the micro-aggregate 
fraction ranged from 16.7% under the CT-irrigated-high- to 33.1% under the NT-non-irrigated-
low-residue treatment combination. Averaged across burn treatments, the silt-clay fraction 
ranged from 12.7% under the CT-irrigated-high- to 15.8% under the NT-irrigated-low-residue 
combination.  
After 14 years of consistent management, the macro-aggregate soil fraction differed 
among numerous field treatments. Averaged across irrigation, tillage, and residue-level 
treatments, the macro-aggregate-size fraction was 1.1 times greater (P = 0.05; Table 5) under the 
no-burn (62.2%) compared to the burn treatment (58.0%). This result fails to reject the original 
hypothesis, as the cumulative effects of 14 years of annual removal of aboveground plant 
residue, a necessary component for the formation of aggregates, by burning likely reduced the 
macro-aggregate concentration over time in the long-term WSDC system. However, averaged 
across burn and irrigation treatments, the macro-aggregate fraction did not differ between residue 
levels under CT (65.8 and 63.1% in the high- and low-residue treatments, respectively), but was 
greater (P = 0.05; Table 5) than both residue treatments, which also did not differ (54.1 and 
57.4% in the high- and low-residue treatments, respectively), under NT, rejecting the original 
hypothesis (Figure 4). In comparison, Andruschkewitsch et al. (2013) observed a 37% increase 
in the macro-aggregate fraction under NT compared to CT (71.1 and 51.8%, respectively) in the 
top 5 cm of a silt-loam soil at four, 15-year-long or more field studies consisting of wheat and 
sugar beet (Beta vulgaris L.) crop rotations in Germany. Oorts et al. (2007) suggested a greater 
macro-aggregate fraction may be associated with an increase in microbial activity. The increase 
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plant residue and soil contact under CT may have caused an increase in microbial activity, which 
in turn increased macro-aggregate formation. Irrigation increased macro-aggregates in the top 10 
cm under NT management in a Ulysses silt loam in Tribune, KS after five and eight years of 
crop rotation management, though there was no irrigation effect in this study on micro-
aggregates (Blanco-Conqui et al. 2010).  
After nearly 14 years of consistent management, irrigation did not affect macro- or 
micro-aggregate soil fractions in the top 10 cm. However, averaged across irrigation and burn 
treatments and failing to reject the hypothesis, the micro-aggregate fraction was 1.1 times greater 
(P = 0.04; Table 5) in the NT-high-residue (31.0%) than the NT-low-residue level treatment 
combination (27.4%) and 1.5 times greater than the average of both residue treatments under CT 
(21%), which did not differ (Figure 4). These results support the slower macro-aggregate turn-
over rate, a process whereby tillage results in the physical disintegration of macro- into micro-
aggregates prior to attaining micro-aggregate stability (Six et al., 2000), associated with NT. 
Greater soil aggregation as a result of reduced soil disturbance and greater plant residue from NT 
and N fertilization creating the high-residue environment, over nearly 14 years of consistent 
management, likely contributed to the greater micro-aggregate fraction. The concept of soil 
aggregate turn-over rate is supported by the lower micro-aggregate fraction observed under CT 
compared to NT following nearly 14 years of consistent management. 
The silt-clay fraction can provide a useful measurement to assess the aggregated versus 
non-aggregated soil fractions. Averaged across irrigation and tillage treatments, the silt-clay 
fraction was 1.3% greater (P = 0.02; Table 5) in the burn-low-residue- than the average of the 
other three burn-residue-level treatments combinations, which did not differ (Figure 5). The 
combined effect of residue burning and low residue from no fertilizer-N additions resulted in 
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reduced aggregate formation likely due to lower plant residue inputs to the near-surface soil. 
Averaged across tillage and burn treatments, the silt-clay fractions from the non-irrigated-
residue-level combinations, did not differ and averaged 15.0%, were intermediate between the 
two irrigated-residue-level treatment combinations, where the silt-clay fraction was 1.15 times 
greater (P < 0.01; Table 5) under the irrigated-low- (15.6%) than under the irrigated-high-
residue-level treatment combination (13.6%; Figure 5). Increased slaking of unstable aggregates 
in addition to greater microbial activity, exacerbated by periodic furrow-irrigation, can result in a 
greater non-aggregated, silt-clay fraction, although greater plant residue likely results in greater 
aggregation due to an increased opportunity for residue incorporation (Six et al., 2000). In 
addition, averaged across burn and residue-level treatments, the silt-clay fraction was 1.1 times 
greater (P < 0.01; Table 5) under the NT (15.1%) than under CT (14.1%) when irrigated, while 
the silt-clay fraction was intermittent for both tillage treatments, which did not differ, when non-
irrigated (Figure 5). The NT-irrigated treatment combination likely increased the silt-clay 
fraction by increasing favorable conditions for microbial decomposition of SOM, coupled with a 
lack of plant-residue-to-soil-particle contact, which is attributed to CT, that would otherwise 
likely increase aggregate formation. These results are consistent with water-stable-aggregate 
observations made following 10 years of consistent management in the same field study (Smith 
et al., 2014b).  
 
Aggregate, total POM and LF C and N Concentrations and C:N Ratios within Sand-free 
Aggregate Fractions 
Within the sand-free macro-aggregate fraction, averaged over irrigation, burn, and 
residue-level treatments, C concentration was 9.9% greater (P = 0.05; Table 6) under NT (17.1 g 
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kg-1) than under CT (15.6 g kg-1), likely due to a reduction in annual soil disturbance from tillage 
disrupting macro-aggregates. Additionally, Andruschkewitch et al. (2013) observed greater 
macro-aggregate C concentration differences in NT (20 g m-2) compared to CT (13 g m-2) in the 
top 5 cm of a silt-loam soil. Comparatively, Six et al. (1998) did not observe macro-aggregate C 
concentration differences between NT and CT in the top 5 cm of a Duroc silt loam (Pachic 
Haplustoll) in Sidney, NE following 26 years of consistent management. In contrast, the C 
concentration of the sand-free micro-aggregate fraction was unaffected by any field treatment, 
though Six et al. (1998) observed greater NT micro-aggregate C concentration compared to CT. 
In both the macro- and micro-aggregate fractions, several field treatments significantly 
affected coarse and fine total POM C and N concentrations in the top 10 cm. Averaged over 
irrigation and tillage, the fine total POM C concentration in the burn-low- (2.59 g kg-1) was 1.9 
times greater (P = 0.04; Table 7) than in the burn-high-residue treatment combination (1.35 g kg-
1), while the fine total POM C concentration in the no-burn-high- and no-burn-low-residue 
combination were intermediate and did not differ (2.56 and 2.43 g kg-1, respectively; Figure 6). 
The burn-high-residue combination likely had a lower fine total POM C concentration from the 
cumulative effect of nearly 14 years of consistent management achieving a more thorough burn 
due to greater aboveground biomass and ultimately reducing the amount of potential crop residue 
and organic material returned to the soil. Additionally, the fine total POM N concentration, 
averaged over irrigation and tillage treatments, was 1.9 times greater (P = 0.02; Table 7) in the 
burn-low- (0.21 g kg-1) than the burn-high-residue combination (0.11 g kg-1), while the fine total 
POM N concentration in the no-burn-high- and no-burn-low-residue combinations did not differ 
(0.21 and 0.23 g kg-1; respectively; Figure 6). The burn-high-residue combination likely 
increased fine total POM N concentration by stimulating greater SOM turnover and N 
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mineralization after burning removed nearly all aboveground plant material on an annual basis. 
In comparison, coarse total POM C and N concentrations within the burn-residue-level 
combination did not differ and averaged 6.94 and 0.51 g kg-1, respectively (Figure 6). 
Similar to total POM C and N concentrations, several field treatments significantly 
affected coarse and fine LF C and N concentrations in the top 10 cm. Averaged over irrigation 
and residue-level treatment, the coarse LF C concentration was 1.7 times greater (P < 0.01; Table 
6) in the NT-burn (1.66 g kg-1) than in the CT-burn combination (0.99 g kg-1), while CT- (1.38 g 
kg-1) and NT-no-burn combinations (1.29 g kg-1) were intermediate and did not differ (Figure 7). 
In addition, the coarse LF N concentration, averaged over irrigation and residue-level treatments, 
was 65% greater (P = 0.04; Table 6) in the NT- (0.091 g kg-1) compared to the CT-burn 
combination (0.055 g kg-1), while CT- and NT-no-burn combinations were intermediate and did 
not differ (0.083 and 0.075 g kg-1; Figure 7). In comparison, fine total POM C and N 
concentration within the tillage-burn combination did not differ and averaged 0.23 and 0.016 g 
kg-1, respectively (Figure 7). Comparatively, Six et al. (1998, 1999) did not observe LF C 
concentration differences between NT and CT in the top 20 cm of a silt-loam soil. Averaged over 
tillage, burn and residue-level treatments and failing to reject the hypothesis, the coarse LF C 
concentration was 40% greater (P ≤ 0.01; Table 6) under irrigated (1.55 g kg-1) compared to non-
irrigated production (1.11 g kg-1). Greater coarse LF C concentration may be associated with a 
numerically greater macro-aggregate fraction in the irrigated (64%) compared to non-irrigated 
treatment (56%) as well as an increase in plant and microbial biomass production resulting in 
greater retention of LF C (Blanco-Canqui et al., 2010). In addition, non-irrigated production 
likely resulted in food web interactions which favored bacterial biomass leading to greater 
decomposition of C concentration. Averaged over irrigation, burn, and residue-level treatments, 
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fine LF N was 20% greater under NT compared to CT (P = 0.02; Table 7). This result may be 
related to a reduced N mineralization rate in the relative undisturbed NT compared to the 
substantially more disturbed CT soil. In Guelph, Ontario Canada, in the top 10 cm of a silt-loam 
soil, following 5 years of various crop rotations, total LF C did not differ though total LF N (on a 
g kg-1 soil basis) decreased under NT (12.6 g kg-1) than CT (13.8 g kg-1; Ramnarine et al., 2015). 
Though no residue-level effect was observed in LF C concentration in this study, LF C increased 
in the top 10 cm in all N application rates ranging from 56 to 336 kg ha-1 yr-1 in a Black 
Chernozemic loam soil in Crossfield, Alberta, Canada following 27 years of pasture management 
(Malhi, et al., 2003). Overall, these results indicate that the primary contributor to LF C and N 
concentration accumulation is soil microclimatic conditions. 
When calculated using C and N concentrations, fine total POM and LF C:N ratios in the 
top 10 cm differed among field treatments, while macro- and micro-aggregate, coarse total POM, 
and coarse LF fraction C:N ratio were unaffected by field treatments. Andruschkewitsch et al. 
(2013) also did not observe a macro- and micro-aggregate difference in C:N ratio in the top 5 
cm. Averaged over tillage, burn, and residue-level treatments, the fine total POM C:N ratio was 
16% (P < 0.01; Table 7) greater under non-irrigated (C:N ratio = 13.7) than irrigated soybean 
production (C:N ratio = 11.9), likely the result of greater soil moisture increasing microbial 
decomposition of SOM and loss of C through respiration. Alternatively, the fine LF C:N ratio, 
averaged over burn and residue-level treatments, was 80 and 55% greater (P < 0.01; Table 7) 
under the NT-irrigated (C:N ratio = 18.2) than the NT-non-irrigated (C:N ratio = 10.2) and CT-
irrigated (C:N ratio = 11.8), respectively, but did not differ from that in the CT-non-irrigated 
treatment combination (C:N ratio = 12.4; Table 8). In comparison, Ramnarine et al. (2015) 
observed a greater total LF C:N ratio under NT (20.5) than CT (18.3) in the top 10 cm. The 
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combined effects of NT and irrigation retained more C than N in the top 10 cm likely through 
reduced soil-respiration-driven C losses from lower SOM oxidation, but greater N losses through 
denitrification and/or leaching compared to the other tillage-irrigation treatment combinations. 
 
Bulk-soil, Aggregates and Silt-clay fraction C and N Contents and C:N Ratios 
Soil C and N contents in the bulk-soil and micro-aggregate fractions following nearly 14 
years of consistent management differed among field treatments, while the macro-aggregate and 
silt-clay-associated fractions did not differ. Averaged over tillage, burn, and residue-level 
treatments, bulk-soil C and N contents were 1.2 (P = 0.01; Table 9) and 1.1 (P < 0.01; Table 9) 
times greater under irrigated (1669 and 155 g m2, respectively) than under non-irrigated soybean 
production (1413 and 139 g m-2, respectively). Though no tillage effect was observed in the top 
10 cm in this study, Mikha and Rice (2004) observed a 33.1 and 17.6% increase in bulk-soil total 
C and N under NT (1650 and 200 g m-2, respectively) compared to CT (1240 and 170 g m-2, 
respectively) in the top 5 cm following 10 years of consistent management in a Kennebec silt-
loam (Cumulic Hapludoll) in a continuous corn study in Manhattan, KS. Additionally, 
Ramnarine et al. (2015) observed greater bulk-soil C and N contents in the top 10 cm under NT 
(3134 and 247 g m-2, respectively) than CT (2838 and 227 g m-2, respectively). Similarly, 
following 17 years on a Wilton silt-loam (Calcic Siltic Chernozem) in Mandan, ND, bulk-soil 
total C and N content in the top 7.5 cm were 44.3 and 37.4% greater under a spring-wheat-
winter-wheat-sunflower (Helianthus annuus L.)-NT system (2370 and 224 g m-2, respectively) 
compared to a spring-wheat-fallow-CT system (1642 and 163 g m-2, respectively; Liebig et al., 
2004). Although no residue-level effect was observed in this study, Malhi et al. (2003) observed 
greater bulk-soil C content with increases in N fertilization in the top 10 cm of a 26-yr-long, 
101 
 
variable-N-rate bromegrass (Bromus inermis Leyss) study in all N applications (26, 112, 168, 
224 and 336 kg N ha-1 yr-1).  
Within the micro-aggregate fraction, C and N contents in the top 10 cm differed among 
several field treatments. Averaged over irrigation and burn treatments, the micro-aggregate C 
content in the NT-high- (413 g m-2) was 29% greater (P = 0.01; Table 9) than in the NT-low-
residue combination (319 g m-2), while the micro-aggregate C content in the NT-high- and NT-
low-residue combinations was 64 and 27% greater, respectively, than that in the high- and low-
residue treatments under CT (255 and 248 g m-2, respectively; Figure 8). Similarly, averaged 
over irrigation and burn treatments, the micro-aggregate N content in the NT-high- (41.8 g m-2) 
was 26% greater (P < 0.01; Table 9) than in the NT-low-residue combination (33.2 g m-2), while 
the micro-aggregate C content in the NT-high- and NT-low-residue combinations was 55% and 
23% greater, respectively, than the combined average of that in the CT-high- and the CT-low-
residue treatment combinations (26.2 and 27.7 g m-2, respectively; Figure 8). However, the silt-
clay-associated and macro-aggregate C and N contents did not differ in the tillage-residue-level 
combination and averaged 1039 g C m-2 and 110.5 g N m-2 and 1127 g C m-2 and 108.4 g N m-2, 
respectively, throughout the study area (Figure 8). In addition, averaged across irrigation and 
residue-level treatments, the micro-aggregate C and N contents were 1.6 (P = 0.02; Table 9) and 
1.5 (P = 0.05; Table 9) times greater, respectively, in the NT-burn (399 and 39.4 g m-2, 
respectively) than in the CT-burn combination (248 and 27.2 g m-2, respectively) as well as being 
1.4 and 1.3 times greater, respectively, in the NT-no-burn (333 and 33.2 g m-2, respectively) than 
in the CT-no-burn combination (256 and 26.7 g m-2, respectively; Figure 9). Similarly, the silt-
clay-associated and macro-aggregate C and N contents did not differ in the tillage-burn 
combination and averaged 1039 g C m-2 and 110.5 g N m-2 and 1127 g C m-2 and 108.4 g N m-2, 
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respectively, throughout the study area (Figure 9). The C and N content in the macro-aggregate 
and silt-clay fractions and the C:N ratios for all fractions were unaffected by any field treatments. 
However, in contrast to the results of this study, Andruschkewitsch et al. (2013) observed a 6.5% 
greater bulk-soil C:N ratio by concentration in the top 5 cm of silt-loam soil under NT compared 
to CT. 
 
POM, iPOM, LF and Silt-Clay C and N Content and C:N Ratio 
After nearly 14 years of consistent management in a WSDC system in the LMRD region 
of eastern Arkansas, coarse total POM C content in the top 10 cm was unaffected by any field 
treatments (Table 10) and averaged 441 g m-2 throughout the entire study area. Comparatively, 
following eight years of consistent management in on a Wilton silt loam in Mandan, ND, the 
total POM fractions (53-500 and 500-2000 µm) had greater C under minimum-tillage (585 and 
139 g m-2) compared to NT (544 and 118 g m-2; Liebig et al., 2004). However, coarse total POM 
N content and fine total POM C and N contents were affected by several field treatments (Table 
10 and 11). Averaged across irrigation, tillage, and residue-level treatments, coarse total POM N 
content was 1.2 times greater (P = 0.04; Table 10) in the no-burn (34.3 g m-2) than in the burn 
treatment (29.8 g m-2). Additionally, averaged over tillage and burn treatments, the coarse total 
POM N content was 1.2 times greater (P = 0.03; Table 10) in the irrigated-low- (42.7 g m-2) than 
in the irrigated-high-residue combination (35.3 g m-2), while both combinations were 1.7 and 1.4 
times greater, respectively, than that in the non-irrigated treatment combinations, which did not 
differ and averaged 25.4 g m-2 (Figure 10). In comparison, coarse total POM C content and fine 
total POM C and N contents, averaged across all field treatments, were 438, 63.5 and 4.96 g m-2, 
respectively (Figure 10). Averaged across irrigation, tillage, and burn treatments, fine total POM 
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C and N contents were 1.2 (P = 0.05; Table 11) and 1.3 (P = 0.04; Table 11) times greater, 
respectively, in the low- (69.8 and 5.6 g m-2, respectively) compared to the high-residue 
treatment (57.1 and 4.3 g m-2, respectively).  
Averaged across tillage, burn, and residue-level treatments, the coarse iPOM C content 
was 46% greater (P < 0.01; Table 10) under irrigated than non-irrigated soybean production (424 
and 290 g m-2, respectively), while fine iPOM C content did not differ and averaged 61.4 g m-2 
across all field treatments. Irrigation may increase the proportion of water-stable aggregates due 
to a reduced severity of wet-dry cycles, thus lowering the moisture differences upon rewetting 
and effectively reducing aggregate disruption. This result supports that of Smith et al. (2014b) 
who measured numerically greater water-stable aggregates under irrigated compared to dryland 
soybean production following 10 years of consistent management in this same WSDC system. In 
contrast to C content, the coarse iPOM N content was unaffected by any field treatments. 
Although coarse and fine iPOM C contents were both unaffected by tillage in this field study, 
Six et al. (1999) observed a 2.25 times greater fine iPOM C content under NT (205 g m-2) 
compared to CT (63 g m-2) in the top 20 cm of a silt loam (Typic Hapludalf) after 33 years of 
continuous corn cultivation. A lack of a tillage effect in this WSDC study may have been due to 
the comparatively shallow sampling depth, as the tillage treatment differences in iPOM C 
content was likely associated with the deeper soil sampling depth in the Six et al. (1999) study. 
Additionally, averaged across irrigation, tillage, and burn treatments, the fine iPOM N content 
was 34% greater (P = 0.04; Table 11) in the low- than in the high-residue treatment, while fine 
iPOM C content in the micro-aggregate fraction was unaffected by any field treatments. The 
iPOM C fraction appears to be primarily affected by aggregation (Six et al., 1998) and partially 
by residue management; however, the soil’s microclimate appears to have a minimal effect. 
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After nearly 14 years of consistent management in a WSDC system, the coarse and fine 
LF C and N contents differed among field treatments. Averaged over tillage and burn treatments, 
the coarse LF C content was 20 and 65% greater (P = 0.02; Table 10) in the irrigated-low- (107 g 
m-2) compared to the irrigated-high-residue (89.2 g m-2) and both non-irrigated treatment 
combinations, which did not differ and averaged 64.8 g m-2, respectively (Figure 10). In addition, 
the coarse LF N content was 52% greater (P < 0.01; Table 10) in the irrigated-low- (6.27 g m-2) 
than in the combined average of the other three irrigation-residue-level combinations, which did 
not differ and averaged 4.13 g m-2 (Figure 10). In contrast, the fine LF C and N contents in the 
irrigation-residue-level combinations did not differ and averaged 6.23 and 0.42 g m-2, 
respectively, across all field treatments (Figure 10). The irrigated-low-residue combination likely 
retained the greatest macro-aggregate LF C and N by reducing decomposition of inter-aggregate 
SOM due to lower soil moisture and reducing microbial immobilization of N by reducing the 
addition of low C:N-ratio plant residue. Averaged across irrigation and residue-level treatments 
and similar to that hypothesized, coarse LF C and N contents were 35% (P < 0.01; Table 10) and 
36% (P < 0.01; Table 10) greater in the NT-burn (91.0 and 4.9 g m-2, respectively) than in the 
CT-burn combination (67.2 and 3.6 g m-2, respectively; Figure 11). Coarse LF C and N contents 
were also 22 and 21% lower in the CT-no-burn (94.2 and 5.6 g m-2, respectively) than in the NT-
no-burn combination (73.7 and 4.4 g m-2, respectively; Figure 11). In comparison, total LF C and 
N contents were 94 and 167% greater under NT (1550 and 80 g m-2, respectively) than CT (800 
and 30 g m-2, respectively) in the top 20 cm of a silt-loam soil (Tan et al., 2007). These results 
agree with Six et al. (1999), in which total LF C content in the top 20 cm under NT (198 g m-2) 
was 83% greater compared to CT (108 g m-2), and support the notion that increasing residue 
inputs increases LF C content (Six et al., 1999). 
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In contrast to the coarse LF C and N, the fine LF C content was unaffected by any field 
treatments and averaged 6.28 g m-2, while the fine LF N content was 2.1 times greater (P = 0.01; 
Table 11) in the NT-burn (0.6 g m-2) than in the CT-burn combination (0.3 g m-2) and that in the 
NT- and CT-no-burn combinations were intermediate and did not differ (0.33 and 0.45 g m-2, 
respectfully; Figure 11). These results suggest that the reduction in soil disturbance from tillage 
and potentially increased available N for microbes from residue burning in the NT-burn 
compared to the other three tillage-burn treatment combinations may be increasing organic 
polymer concentrations to stabilize and retain micro-aggregate C and N in the light fraction (Lal 
et al., 2004). Averaged across burn and residue-level treatments, the fine LF C and N contents 
were 2.6 (P ≤ 0.05; Table 11) and 2.0 (P ≤ 0.04; Table 11) times greater in the NT-irrigated (11.6 
and 0.7 g m-2, respectively) than in the combined average of the other three tillage-irrigation 
treatment combinations, which did not differ (Figure 12). In comparison, the coarse LF C and N 
contents did not differ in the tillage-irrigation combination and averaged 81.5 and 4.67 g m-2, 
respectively (Figure 12). Greater fine LF C and N contents under the NT-irrigated combination 
may be associated with reduced aboveground residue incorporation and reduced soil-residue 
contact under NT, and greater C and N retention of increased belowground plant material from 
irrigated soybean production (Balesdent et al., 2000; Six et al., 1999). In addition, the NT-
irrigated combination resulting in a reduction in bacterial biomass through food web interactions 
favoring fine LF C and N content accumulation in the top 10-cm of soil (Figure 16). Total LF C 
and N contents were also greater under NT (193 and 9.6 g m-2, respectively) compared to CT 
(139 and 7.7 g m-2, respectively) in the top 10 cm (Ramnarine et al., 2015). Overall, these results 
indicate that the combined effects soil microclimatic conditions and residue inputs heavily 
impact LF C and N content accumulation. 
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Similar to POM and LF, C and N contents in the coarse and fine silt-clay fractions in the 
top 10 cm were generally affected by the field treatments after nearly 14 years of consistent 
management, though no effect of tillage on C and N concentrations was reported by Six et al. 
(1998). Similar to coarse and fine silt-clay C concentrations reported by Six et al. (1998), coarse 
silt-clay C contents were greater than fine silt-clay C contents. Averaged across irrigation and 
tillage treatments, the coarse silt-clay-associated C content was 48% greater (P < 0.01; Table 10) 
in the no-burn-high- (814 g m-2) compared to the burn-high-residue combination (551 g m-2), 
while that in the burn-low- and no-burn-low-residue combinations were intermittent and did not 
differ (716 and 647 g m-2, respectively, Figure 13). In contrast, the coarse silt-clay-associated N 
content and fine silt-clay-associated C and N contents within the burn-residue-level interaction 
did not differ and averaged 75.1, 245, and 27.3 g m-2, respectively (Figure 13). Averaged across 
irrigation and burn, the fine silt-clay-associated C content in the NT-high-residue (344 g m-2) 
was 46% greater (P < 0.01; Table 11) than in the NT-low-residue (236 g m-2) and 72% greater 
than the combined average of the CT-high- and CT-low-residue combinations (209 and 192 g m-
2, respectively), which did not differ, although the fine silt-clay-associated C content in the NT-
low- was 23% greater than that in the CT-low-residue combination (Figure 14). Similarly, 
averaged across irrigation and burn treatments, the fine silt-clay-associated N content was 39% 
(P < 0.01; Table 11) greater in the NT-high- (36.7 g m-2) than in the NT-low-residue (26.4 g m-2) 
and 59% greater than in the combined average of the CT-high- and CT-low-residue 
combinations (22.9 and 23.2 g m-2, respectively), which did not differ (Figure 14). 
Comparatively, the coarse silt-clay-associated C and N contents within the tillage-residue-level 
interaction did not differ and averaged 682 and 56.9 g m-2, respectively (Figure 14). In addition, 
averaged across irrigation and residue-level treatments, the fine silt-clay-associated N content in 
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the NT-burn (34.0 g m-2) was 17% greater (P = 0.01; Table 11) than in the NT-no-burn (29.2 g 
m-2) and 48% greater than in the combined average of the CT-burn and CT-no-burn 
combinations (23.0 and 23.1 g m-2, respectively), which did not differ (Figure 15). In contrast, 
the coarse silt-clay-associated C and N contents as well as the fine silt-clay-associated C content 
did not differ among the tillage-burn interaction (Figure 15). Furthermore, averaged across burn, 
tillage, and residue-level treatments, the fine silt-clay-associated N content was 1.3 times greater 
(P = 0.05; Table 11) under non-irrigated than under irrigated soybean production.  
Coarse total POM, LF, and silt-clay associated C:N ratios and fine total POM and iPOM 
C:N ratios on a content basis differed among treatment combinations, although fine LF and silt-
clay C:N ratios did not differ among treatment combinations. Averaged across tillage and burn 
treatments, the coarse total POM C:N ratio was 11% greater (P = 0.02; Table 12) in the irrigated-
high- (C:N ratio = 14.1) than in the irrigated-low-residue combination (C:N ratio = 12.8), while 
the coarse total POM C:N ratio in the non-irrigated-high- and non-irrigated-low-residue 
combinations did not differ and averaged 14.2 (Table 13). Similarly, averaged across tillage and 
burn treatments, coarse silt-clay-associated C:N ratio was 22.0% greater (P = 0.05; Table 12) in 
the irrigated-low- (C:N ratio = 10.5) than in the irrigated-high-residue combination (C:N ratio = 
8.2), while the coarse silt-clay-associated C:N ratios in the non-irrigated-high- and non-irrigated-
low-residue combination were intermediate (C:N ratio = 9.4 and 8.5, respectively) and did not 
differ (Table 13). The combined effects of irrigation and the high-residue treatments may have 
increased N cycling within the soil, thus retaining a low coarse silt-clay-associated C:N ratio.  
In contrast to coarse total POM and iPOM, averaged across irrigation, tillage, and 
residue-level treatments, the coarse LF C:N ratio was 11.9% greater (P = 0.01; Table 12) in the 
burn (C:N ratio = 18.8) compared to the no-burn treatment (C:N ratio = 16.8). The nearly 14 year 
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cumulative effect of residue burning likely has caused greater coarse LF N content losses than 
non-burning, in turn, increase the C:N ratio. Averaged across irrigation and residue-level 
treatments, the fine total POM C:N ratio was 6% greater (P = 0.05; Table 12) in the CT-no-burn 
(C:N ratio = 13.7) than in the NT-no-burn combination (C:N ratio = 12.2), while the fine total 
POM C:N ratio in the CT-burn and NT-burn did not differ (C:N ratio = 13.6 and 13.7, 
respectively; Table 13). In addition, averaged over irrigation and tillage treatments, the fine total 
POM C:N ratio was 15% greater (P = 0.02; Table 12) in the burn-high- (C:N ratio = 14.6) than in 
the burn-low-residue combination (C:N ratio = 12.7), while the fine total POM C:N ratio in the 
no-burn-high- and no-burn-low-residue did not differ (C:N ratio = 12.9 and 12.3, respectively; 
Table 13). Similar to coarse total POM, averaged across burn and tillage treatments, the fine 
iPOM C:N ratio was 19.6% greater (P ≤ 0.01; Table 12) in the irrigated-high- (C:N ratio = 13.4) 
than in the irrigated-low-residue combination (C:N ratio = 11.2), while the fine iPOM C:N ratio 
in the non-irrigated-high- and non-irrigated-low-residue combinations did not differ (C:N ratio = 
14.1 and 13.6, respectively; Table 13).  
 
Soil Microbial Biomass Differences 
Microbial Biomass Concentrations 
Similar to effects on soil aggregate fractions and POM-related aggregate properties, 
microbial biomass concentrations in the top 10 cm changed substantially over time from initial 
conversion to the WSDC system. Total bacterial, fungal , and microbial biomass concentrations 
following nearly 14 years of consistent management were greater than results obtained in the 
first year of imposed treatments (i.e., 2002), indicating the beneficial effects of a WSDC 
management system on the microbial biomass concentration over time (Brye et al., 2006a; Table 
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14). These results supports the beneficial effect of WSDC management on increasing the total 
microbial community reported by Six et al. (2006). 
Approximately 15 weeks following soybean planting in the 2015 growing season, and 
after nearly 14 years of consistent management in the WSDC system, microbial biomass 
concentrations in the top 10 cm differed among a number of field treatments. Similar to that 
hypothesized, averaged across irrigation and residue-level treatments, total bacterial biomass 
concentration was 1.5 times greater (P < 0.01; Table 15) in the CT-irrigated (1650 µg g-1), CT-
non-irrigated (1584 µg g-1) and NT-non-irrigated (1524 µg g-1) than in the NT-irrigated 
combination (1082 µg g-1; Figure 16). Comparatively, total bacterial biomass concentration was 
unaffected by any field treatment following one year and only differed between residue levels 
following two years of consistent management in the same WSDC system as this study (Brye et 
al., 2006a). The lower bacterial biomass concentration associated with the NT-irrigated 
combination after nearly 14 years of consistent management may have resulted from the 
persistent degradation of labile C as irrigation would have tended to increase beneficial 
conditions for microbial decomposition over the years, while NT would have tended to keep 
SOM and labile C stratified and concentrated in the upper-most few centimeters rather than 
mixed throughout the top 10 cm as would likely have occurred under CT. 
In contrast to bacterial biomass, averaged across tillage, burn, and residue-level 
treatments, total fungal biomass was 23% greater (P = 0.01; Table 15) under irrigated (725 µg g-
1) than non-irrigated soybean production (591 µg g-1). Irrigation can increase SOM 
concentrations resulting in more decomposable C, which has been shown to effectively increase 
fungal biomass concentrations (Blanco-Canqui et al., 2010). However, in contrast to that 
hypothesized, averaged across irrigation and residue-level treatments, total fungal biomass 
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concentration was 28% greater (P = 0.03; Table 15) in the CT-burn (750 µg g-1) than in the CT-
no-burn combination (587 µg g-1), while total fungal biomass concentration in the NT-burn and 
NT-no-burn combinations did not differ (625 and 670 µg g-1, respectively; Figure 17). Release of 
nutrients from the surface residue via burning, coupled with the increased soil-residue contact 
due to CT, may have led to an increase in total fungal biomass concentration compared to the 
CT-no-burn combination. In contrast, total fungal biomass concentration was unaffected by any 
field treatment after one and two years of consistent management in this same WSDC system as 
in this study (Brye et al., 2006a).  
Similar to total bacterial biomass, averaged over burn and residue-level treatments, total 
microbial biomass was 1.3 time greater (P ≤ 0.01; Table 15) in the CT-irrigated (2406 µg g-1), 
CT-non-irrigated (2165 µg g-1), and NT-non-irrigated combinations (2125 µg g-1), which did not 
differ, than in the NT-irrigated combination (1777 µg g-1; Figure 16). Comparatively, total 
microbial biomass concentration following two years of consistent management, was greater 
under NT compared to CT (Brye et al., 2006a). As with total bacterial biomass, the lower total 
microbial biomass concentration associated with the NT-irrigated combination may have resulted 
from the degradation of labile C and stratification of plant residue to the upper-most few 
centimeters of soil.  
In contrast to microbial biomass concentrations, averaged over irrigation, burn, and 
residue-level treatments, the total-fungal-to-bacterial-biomass ratio was 29% greater (P < 0.01; 
Table 15) under NT than CT (ratio = 0.54 and 0.42, respectively). The greater proportion of 
fungal biomass under NT compared to CT in the top 10 cm of soil was likely due to the 
cumulative effects of reduced soil disturbance from NT, in addition to retaining the low quality 
cover-crop residue (i.e., high C:N ratio of wheat residue), whereas fungal biomass would have 
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been severely disturbed on an annual basis from CT. A more fungal-dominated microbial 
community under the NT system supports results reviewed in Six et al. (2006).  
 
Microbial Biomass Contents 
Microbial biomass contents in the top 10 cm changed substantially over time from initial 
conversion to the WSDC system. Similar to concentrations, the total bacterial, fungal and 
microbial biomass contents following nearly 14 years of consistent management were greater 
than results obtained by Brye et al. (2006a) in the first year of imposed treatments (i.e., 2002), 
indicating the beneficial effects of a WSDC management system on microbial biomass content 
over time (Table 14). These results provide additional support for the beneficial effect of WSDC 
management on increasing the total microbial community on a content basis. 
Similar to that hypothesized and incorporating measured soil bulk density, averaged 
across burn and residue-level treatments, total bacterial biomass content was 53% lower (P < 
0.01; Table 15) in the NT-irrigation (1346 kg ha-1) compared to the average among the CT-
irrigation, CT-non-irrigated and NT-non-irrigated treatment combinations (2150, 2084, and 1954 
kg ha-1, respectively), which did not differ (Figure 16). In contrast to bacterial biomass content 
and contrary to that hypothesized, total fungal biomass content was unaffected by any field 
treatment. Following the results of bacterial biomass content, averaged across burn and residue-
level treatments, total microbial biomass content was 15 and 42% greater (P < 0.01; Table 15) in 
the CT-irrigated (3134 kg ha-1) than in the NT-non-irrigated (2720 kg ha-1) and NT-irrigated 
combinations (2212 kg ha-1), respectively (Figure 16). Total microbial biomass was also 23% 
greater in the NT-non-irrigated (2752 kg ha-1) than in the NT-irrigated combinations (2212 kg ha-
1), while total microbial biomass in the CT-non-irrigated (2851 kg ha-1) did not differ from the 
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CT-irrigated or NT-non-irrigated combinations, but was 29% greater than in the NT-irrigated 
combination (Figure 16). The greater microbial and bacterial biomass content associated with the 
CT- compared to the NT-irrigated and non-irrigated combination in addition to the greater CT- 
compared to NT-residue-level combinations partially supports the positive association between 
microbial biomass and the macro-aggregate fraction proposed by Oorts et al. (2007). 
On a content basis, total bacterial biomass was weakly negatively correlated with the silt-
clay fraction (r = -0.29), micro-aggregate C content (r = -0.32), coarse total POM C content (r = 
-0.35), coarse iPOM C content (r = -0.33), and fine LF C content (r = -0.58; Table 16). These 
negative correlations suggest that greater bacterial biomass increases C cycling within various 
POM fractions. Similarly, total bacterial biomass content was weakly negatively correlated with 
micro-aggregate C (r = -0.34) and fine LF C (r = -0.46) contents, while total fungal biomass was 
unrelated to any POM-related parameter (Table 16).Though Oorts et al. (2007) suggested an 
increase in the macro-aggregate fraction may be associated with increased microbial activity, 
there was no relationship between microbial biomass parameters measured in this study and 
macro- or micro-aggregate fractions (Table 16).  
 
Soybean Production 
Soybean yield in the 2015 growing season, following 14 years of consistent management 
in a WSDC system, averaged 2290 kg ha-1 across the entire field, which was comparable to the 
15-yr (i.e., 2006 through 2016) average of 2071 kg ha-1 (Tsiboe et al., 2017). Averaged across 
irrigation, burn, and residue-level treatments, soybean yield was 396 kg ha-1 greater (P < 0.01; 
Table 1) under CT than NT, which averaged 2093 kg ha-1. Though inconsistent from year to 
year, soybean planting after CT can result in better soil-to-seed contact than after NT due to the 
surface residue coverage, which, in turn, an produce a better soybean stand under CT than NT. In 
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this field study, annual soybean yield did not differ between CT and NT from 2002 to 2007 or in  
2011 and 2012 (Amuri et al., 2008; Cordell et al., 2006; Smith and Brye, 2014), and the trend in 
soybean yield over time did not differ between tillage treatments from 2007 to 2014 (Norman et 
al., 2016). Several studies reported no difference in soybean yield between CT and NT, including 
a 3-yr, WSDC study in Stoneville, MS on a Dundee silt loam (Aeric Ochraqualf; Wesley et al., 
1988) and a 16-yr soybean mono-cropped study in Holly Springs, MS on a Loring silt loam 
(Typic Fragiudalfs; McGregor et al., 2006). However, several studies have also reported an 
increase in soybean yield following conversion from CT to NT (Tyler and Overton, 1982; 
McGregor et al., 2006). In addition, as expected, averaged across tillage, burn, and residue-level 
treatments, soybean yield was 1472 kg ha-1 greater (P < 0.01; Table 1) from irrigated than non-
irrigated production, which averaged 1554 kg ha-1. In this WSDC study, irrigated and non-
irrigated soybean yields did not differ from 2005 to 2007 (Amuri et al., 2008), were greater 
under irrigation in 2011 and 2012 (Smith and Brye, 2014), and the trend in soybean yield over 
time increased more under irrigation than under dryland conditions until approximately nine 
years after conversion (Norman et al., 2016). In a 3-yr WSDC study in Fayetteville, AR on a 
Captina silt loam (Typic Fragiudult), comparable soybean yields from irrigated and dryland 
treatments were observed (Daniels and Scott, 1991).  However, in a 6-yr soybean mono-cropped 
study on a silty clay in eastern Arkansas, dryland soybeans had a greater net economic return 
than mono-cropped, irrigated soybean (Parsch et al., 2001). 
 
Summary and Conclusions 
Following nearly 14 years of consistent management in a WSDC production system on a 
silt-loam soil in the LMRD region of eastern Arkansas, many soil aggregate and POM-related 
soil aggregate properties in the top 10 cm differed significantly among wheat-residue-level, 
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residue-burning, tillage, and irrigation treatments and treatment combinations. Coarse total POM, 
iPOM, LF fractions and their associated total C and N contents were greater than their 
corresponding micro-aggregate fraction C and N contents, due mostly to the greater macro- to 
micro-aggregate distributions. The burn-low-residue-level, irrigation-low-residue, NT-irrigation 
combinations decreased the total aggregated soil fraction by 1.9, 1.9 and 1.1%, respectively, 
compared to their respective remaining three treatment combinations. This reduction in the 
aggregated fraction was likely due to the combined effects of the burning, residue-level, and 
tillage interactions resulting in low plant biomass accumulation, optimized conditions for 
microbial degradation, and disruption of aggregates without providing adequate soil-residue 
contact for microbial production of aggregate-binding exudates. 
The burn-low-residue combination decreased the aggregated soil fraction compared to the 
other three burn-residue-level combinations, though the coarse silt-clay-associated C content was 
greatest under the no-burn-high- compared to the no-burn-low-residue combination, while the 
burn-low- and high-residue combinations were intermediate and did not differ. Comparatively, 
the fine silt-clay C content and coarse and fine silt-clay N contents did not differ among burn-
residue-level combinations. The high-residue-burn interaction resulted in a complete burn of 
aboveground residue resulting in a cumulative reduction in non-aggregated coarse C content, 
compared to the remaining residue-level-burn combinations. 
The greater aggregated soil fraction and total microbial and total bacterial biomass 
(content and concentration) observed under the CT-irrigated compared to NT-irrigated treatment 
combination supports the notion that a greater microbial biomass increases aggregation through 
the production of microbial exudates. However, the NT-irrigated combination has a greater fine 
LF C content compared to the three remaining tillage-irrigation combinations, suggesting the 
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combined effects of tillage and irrigation may alter the near-surface soil microclimate to benefit 
fine LF C accumulation.  
The aggregated soil fraction was greater in the irrigation-high- than the irrigation-low-
residue combination likely due to increased slaking of unstable aggregates, coupled with an 
increase in microbial activity, reducing the opportunity for residue incorporation into aggregates, 
while the non-irrigated-high- and low-residue combinations were intermediate and did not differ. 
In support of this result, coarse total POM N content and coarse LF C and N contents were 
greater under the irrigated-low-residue combination compared to all the remaining irrigation-
residue-level combinations, though the fine total POM and LF C and N contents as well as 
coarse total POM C content were unaffected by the irrigation or residue-level treatments. These 
results suggest C and N content retention within coarse POM and LF fractions is maximized due 
to greater residue inputs and reduced microbial activity within the irrigated-low-residue 
combination, despite a reduction in the aggregated fraction. 
The NT-high- and low- compared to the CT-high- and low-residue combination had 
substantially lower macro-aggregate fractions and greater micro-aggregate fractions, total fine C 
content, and silt-clay C content, potentially indicating an increase in micro-aggregate-stabilized 
labile C after nearly 14 years of consistent management and conversion from mono-cropped, CT 
soybean production. This suggests CT increases macro-aggregation, but reduces micro-
aggregation by increasing the aggregate turn-over rate. Comparatively, the NT-high-residue 
combination had the greatest micro-aggregate fraction, likely due to reduced microbial 
degradation, increased residue input, and less soil disturbance. 
Overall, results from this study indicated a multitude of differences in how common and 
alternative residue and water management practices affect soil aggregate fractions and their 
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associated POM-related properties and microbial biomass properties in the top 10 cm of a long-
term WSDC production system on a silt-loam soil in the LMRD region of eastern Arkansas. 
Results also showed significant variations in aggregate-associated labile C and N as affected by 
residue and water management practices that would otherwise have not been realized from 
whole-soil C and N analyses. Though this study reported on cumulative effects of various 
traditional and alternative residue and water management practices after nearly 14 years of 
consistent management, further variability in aggregate POM and POM-fraction-associated C 
and N may become more distinguishable after additional years of consistent management. This 
study quantified how the effects of different, common, agronomic management practices and the 
influence of microbial biomass can contribute to the distribution of soil aggregates and aggregate 
POM and POM-fraction-associated C and N storage. An increase in aggregate POM and POM-
fraction-associated C and N storage can contribute to increased soil health and long-term 
sustainability. Furthermore, this study demonstrated that certain agronomic management practice 
combinations, such as NT, no-burn, high-residue level and irrigation, can improve soil 
aggregation in a highly erodible, loess-derived soil and protect soil C to perhaps reduce gaseous 
losses of C as CO2 via soil respiration under aerobic soil conditions as would occur most often 
even under irrigated soybean production in a WSDC system. Reductions in CO2 emissions from 
agriculturally managed soils can contribute to attenuating rising greenhouse gas concentrations 
in the atmosphere, thereby potentially mitigating the negative effects of climate change.  
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Table 1. Analysis of variance summary of the effects of residue level, burning, tillage, irrigation, 
and their interactions on 2015 wheat-residue level and soil bulk density in the top 10 cm 
measured in September 2015, and 2015 soybean yield following 14 years of consistent 
management in a wheat-soybean, double crop production system at the University of Arkansas’ 
Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil. Significant (P < 0.05) 
effects are bolded. 
 
Source of Variation Wheat Residue Bulk Density Soybean Yield 
 ____________________________________ P ____________________________________________ 
Tillage (T)† 0.86 < 0.01 < 0.01 
Residue Level (RL) 0.01 0.90 0.23 
Burn (B) 0.26 0.04 0.18 
   T x RL 0.29 0.24 0.92 
   T x B 0.43 0.02 0.11 
   B x RL 0.83 0.96 0.28 
     T x B x RL 0.32 0.27 0.79 
    
Tillage† 0.80 0.01 0.07 
Residue Level 0.03 0.91 0.14 
Irrigation (I) 0.62 0.67 < 0.01 
   T x RL 0.17 0.14 0.94 
   T x I 0.73 0.37 0.14 
   I x RL 0.03 0.16 0.28 
     T x I x RL 0.50 0.21 0.80 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 3. Summary of the effects of residue level, burning, tillage, and their interactions on soil 
pH, total N and C and soil organic matter (SOM) concentration (%), and phosphorus (P), 
magnesium (Mg), and sodium (Na) concentrations (mg kg-1) in the top 10 cm after the 2015 
wheat harvest, but prior to soybean planting, following 13 years of consistent management in a 
wheat-soybean, double crop production system at the University of Arkansas’ Lon Mann Cotton 
Research Station near Marianna, AR on a silt-loam soil. Significant (P ≤ 0.05) effects are bolded 
with different letters after mean values rounded to three significant digits for a given soil 
property denoting a significant difference within a set of four treatment combinations. 
 
Treatment 
Combination† 
Soil Properties 
Total N Total C SOM P Mg Na 
CT-H 0.16a 1.24a 2.63a 23.0a 309a 15.2a 
CT-L 0.16a 1.13a 2.35b 25.8a 302a 14.1a 
NT-H 0.17a 1.19a 2.39ab 19.8a 277a 12.9a 
NT-L 0.17a 1.20a 2.44ab 24.9a 283a 13.6a 
       
       
CT-B 0.16b 1.18ab 2.40a 25.1a 329ad 15.2a 
CT-NB 0.16b 1.19ab 2.58a 23.8ab 282ab 14.1a 
NT-B 0.16b 1.08b 2.19a 20.5b 293bc 14.6a 
NT-NB 0.17a 1.31a 2.64a 24.2ab 266cd 11.9a 
       
       
B-H 0.16a 1.17a 2.34a 21.6a 310a 14.3ab 
B-L 0.16a 1.09a 2.26a 23.9a 313a 15.5ab 
NB-H 0.17a 1.26a 2.69a 21.2a 276a 13.8a 
NB-L 0.17a 1.24a 2.53a 26.8a 273a 12.2b 
† Treatment abbreviations are as follows: conventional-tillage (CT), no-tillage (NT), high-residue 
(H), low-residue (L), burn (B), and no-burn (NB). 
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Table 4. Summary of macro-and micro-aggregate and silt-clay fraction (%) means from the two 
separate three-factor effects of residue level, burning, tillage and tillage, irrigation, and residue-
level in the top 10 cm following 14 years of consistent management in a wheat-soybean, double 
crop production system at the University of Arkansas’ Lon Mann Cotton Research Station near 
Marianna, AR on a silt-loam soil.  
 
Treatment Combination† Macro- Micro- Silt-clay 
CT-B-H 64.5 21.6 13.9 
CT-B-L 62.0 21.8 16.3 
CT-NB-H 67.1 19.5 13.5 
CT-NB-L 64.3 21.3 14.4 
NT-B-H 50.3 34.3 15.4 
NT-B-L 55.1 29.1 15.8 
NT-NB-H 57.9 27.6 14.5 
NT-NB-L 59.6 25.7 14.7 
    
    
CT-IR-H 70.5 16.7 12.7 
CT-IR-L 67.5 17.1 15.4 
CT-NI-H 61.1 24.3 14.6 
CT-NI-L 58.8 25.9 15.3 
NT-IR-H 56.3 29.3 14.5 
NT-IR-L 62.4 21.8 15.8 
NT-NI-H 51.9 32.7 15.4 
NT-NI-L 52.3 33.1 14.6 
† Treatment abbreviations are as follows: irrigation (IR), non-irrigated (NI), conventional-tillage 
(CT), no-tillage (NT), high-residue (H), low-residue (L), burn (B) and no-burn (NB). 
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Table 5. Analysis of variance summary of the effects of residue level, burning, tillage, irrigation, 
and their interactions on macro- and micro-aggregate and silt-clay fractions in the top 10 cm 
following 14 years of consistent management in a wheat-soybean, double crop production 
system at the University of Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on 
a silt-loam soil. Significant (P < 0.05) effects are bolded. 
 
Source of Variation Macro- Micro- Silt-Clay 
 ______________________________ P _____________________________ 
Tillage (T)† 0.03 0.03 0.13 
Residue Level (RL) 0.81 0.45 0.15 
Burn (B) 0.05 0.16 0.25 
   T x RL 0.05 0.13 0.06 
   T x B 0.15 0.20 0.83 
   B x RL 0.65 0.50 0.02 
     T x B x RL 0.60 0.72 0.40 
    
Tillage† 0.03 0.03 0.13 
Residue Level 0.81 0.36 0.02 
Irrigation (I) 0.31 0.25 0.77 
   T x RL 0.01 0.04 0.11 
   T x I 0.47 0.74 < 0.01 
   I x RL 0.48 0.24 < 0.01 
     T x I x RL 0.32 0.26 0.90 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 6. Analysis of variance summary of the effects of residue level, burning, tillage, irrigation, 
and their interactions on macro-aggregate (agg), coarse total particulate organic matter (POM), 
and coarse light fraction (LF) carbon (C) concentrations (g C kg-1 sand-free agg) and nitrogen 
(N) concentration (g N kg-1 sand-free agg) as well as macro-agg C:N ratio, coarse total POM 
C:N ratio, and coarse LF C:N ratio in the top 10 cm following 14 years of consistent 
management in a wheat-soybean, double crop production system at the University of Arkansas’ 
Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil. Significant (P < 0.05) 
effects are bolded. 
 
Source of Variation 
Macro
-agg C 
Coarse 
Total 
POM C 
Coarse 
LF C 
Macro-
agg N 
Coarse 
POM N 
Coarse 
LF N 
Macro-
agg 
C:N 
Ratio 
Coarse 
Total 
POM 
C:N 
Ratio 
Coarse 
LF 
C:N 
Ratio 
 ___________________________________________ P __________________________________________ 
Tillage (T)† 0.05 0.19 0.01 0.13 0.12 0.14 0.92 0.77 0.73 
Residue Level (RL) 0.57 0.94 0.16 0.59 0.61 0.13 0.72 0.22 0.09 
Burn (B) 0.31 0.83 0.84 0.36 0.63 0.63 0.72 0.29 0.27 
   T x RL 0.75 0.58 0.48 0.27 0.95 0.80 0.88 0.56 0.56 
   T x B 0.49 0.14 < 0.01 0.65 0.30 0.04 0.13 0.16 0.82 
   B x RL 0.06 0.35 0.52 0.42 0.75 0.31 0.06 0.14 0.79 
     T x B x RL 0.40 0.79 0.91 0.47 0.42 0.96 0.89 0.22 0.18 
          
Tillage† 0.13 0.32 0.05 0.13 0.23 0.14 0.75 0.75 0.73 
Residue Level 0.63 0.98 0.19 0.45 0.67 0.10 0.24 0.24 0.11 
Irrigation (I) 0.44 0.09 < 0.01 0.43 0.19 0.15 0.60 0.60 0.79 
   T x RL 0.85 0.75 0.50 0.63 0.98 0.83 0.50 0.50 0.50 
   T x I 0.91 0.85 0.59 0.62 0.65 0.69 0.37 0.37 0.70 
   I x RL 0.09 0.13 0.20 0.19 < 0.01 0.06 0.19 0.19 0.35 
     T x I x RL 0.51 0.66 0.49 0.82 0.69 0.59 0.64 0.64 0.71 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 7. Analysis of variance summary of the effects of residue level, burning, tillage, irrigation, 
and their interactions on micro-aggregate (agg), fine total particulate organic matter (POM), fine 
light fraction (LF) carbon (C) concentrations (g C kg-1 sand-free agg) and nitrogen (N) 
concentration (g N kg-1 sand-free agg) as well as micro-agg C:N ratio, fine total POM C:N Ratio, 
and fine LF C:N ratio in the top 10 cm following 14 years of consistent management in a wheat-
soybean, double crop production system at the University of Arkansas’ Lon Mann Cotton 
Research Station near Marianna, AR on a silt-loam soil. Significant (P < 0.05) effects are bolded. 
 
Source of Variation 
Micro-
agg C 
Fine 
Total 
POM C 
Fine 
LF C 
Micro-
agg N 
Fine 
Total 
POM N 
Fine 
LF N 
Micro-
agg C:N 
Ratio 
Fine 
Total 
POM 
C:N 
Ratio 
Fine LF 
C:N 
Ratio 
 __________________________________________ P _________________________________________ 
Tillage (T)† 0.12 0.35 0.21 0.48 0.34 0.02 0.12 0.62 0.78 
Residue Level (RL) 0.38 0.03 0.21 0.64 0.07 0.83 0.07 0.37 0.49 
Burn (B) 0.68 0.63 0.70 0.47 0.60 0.81 0.22 0.43 0.97 
   T x RL 0.71 0.91 0.57 0.29 0.76 0.58 0.34 0.33 0.91 
   T x B 0.92 0.96 0.32 0.73 0.45 0.78 0.55 0.09 0.17 
   B x RL 0.68 0.04 0.36 0.28 0.02 0.28 0.74 0.75 0.73 
     T x B x RL 0.86 0.52 0.56 0.92 0.31 0.81 0.56 0.34 0.04 
          
Tillage† 0.12 0.35 0.12 0.48 0.34 0.08 0.12 0.63 0.43 
Residue Level 0.26 0.02 0.43 0.50 0.01 0.89 0.21 0.3 0.65 
Irrigation (I) 0.22 0.31 0.15 0.41 0.28 0.07 0.59 <0.01 0.02 
   T x RL 0.76 0.87 0.72 0.40 0.72 0.86 0.18 0.30 0.46 
   T x I 0.87 0.20 0.06 0.39 0.19 0.76 0.37 0.32 <0.01 
   I x RL 0.08 0.72 0.11 0.10 0.82 0.18 0.32 0.74 0.33 
     T x I x RL 0.72 0.55 0.22 0.61 0.77 0.27 0.21 0.26 0.63 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 8. Summary of the effects of residue level, burning, tillage, irrigation, and their 
interactions on fine total particulate organic matter (POM) and fine light-fraction (LF) C:N ratios 
by concentration in the top 10 cm after the 2015 wheat harvest, but prior to soybean planting, 
following 13 years of consistent management in a wheat-soybean, double crop production 
system at the University of Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on 
a silt-loam soil. Significant (P ≤ 0.05) effects are bolded with different letters following mean 
values within a soil property denoting a significant difference within the treatment combination. 
 
Treatment 
Combination† 
C:N Ratio 
Fine Total POM Fine LF 
   CT-IR 11.41a 11.80b 
   CT-NI 13.92a 12.39ab 
   NT-IR 12.37a 18.24a 
   NT-NI 13.59a 10.16b 
† Treatment abbreviations are as follows: irrigation (IR), non-irrigated (NI), conventional-tillage 
(CT), and no-tillage (NT). 
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Table 9. Analysis of variance summary of the effects of residue level, burning, tillage, irrigation, 
and their interactions on bulk soil, macro-aggregate (agg), micro-agg and silt-clay carbon (C) 
content (g C m-2 soil) and nitrogen (N) content (g N m-2 soil) in the top 10 cm following 14 years 
of consistent management in a wheat-soybean, double crop production system at the University 
of Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil. 
Significant (P < 0.05) effects are bolded. 
 
Source of Variation 
Bulk 
Soil C 
Macro-
agg C 
Micro-
agg C  
Silt-
Clay C 
Bulk 
Soil N 
Macro-
agg N  
Micro-
agg N 
Silt-
Clay N 
 __________________________________________ P _________________________________________ 
Tillage (T)† 0.72 0.28 < 0.01 0.62 0.62 0.36 < 0.01 0.46 
Residue Level (RL) 0.66 0.72 < 0.01 0.48 0.51 0.83 0.02 0.10 
Burn (B) 0.69 0.16 0.42 0.48 0.77 0.14 0.56 0.25 
   T x RL 0.44 0.79 < 0.01 0.32 0.91 0.71 < 0.01 0.63 
   T x B 0.50 0.48 0.02 0.40 0.57 0.51 0.05 0.74 
   B x RL 0.34 0.08 0.42 0.19 0.25 0.51 0.74 0.27 
     T x B x RL 0.08 0.40 0.74 0.15 0.44 0.14 0.58 0.30 
         
Tillage† 0.59 0.15 < 0.01 0.57 0.60 0.21 < 0.01 0.18 
Residue Level 0.71 0.63 0.02 0.55 0.46 0.83 0.07 0.51 
Irrigation (I) 0.01 0.15 0.47 0.32 < 0.01 0.13 0.18 0.86 
   T x RL 0.36 0.80 0.01 0.38 0.90 0.62 < 0.01 0.87 
   T x I 0.83 0.51 0.62 0.65 0.45 0.61 0.31 0.32 
   I x RL 0.82 0.07 0.72 0.93 0.21 0.21 0.77 0.14 
     T x I x RL 0.22 0.26 0.96 0.09 0.63 0.11 0.25 0.93 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 10. Analysis of variance summary of the effects of residue level, burning, tillage, 
irrigation, and their interactions on coarse total particulate organic matter (POM), coarse intra-
POM, coarse light-fraction (LF) and coarse silt-clay carbon (C) and nitrogen (N) content (g m-2 
soil) in the top 10 cm following 14 years of consistent management in a wheat-soybean, double 
crop production system at the University of Arkansas’ Lon Mann Cotton Research Station near 
Marianna, AR on a silt-loam soil. Significant (P < 0.05) effects are bolded. 
 
Source of Variation 
Coarse
Total 
POM C 
Coarse 
iPOM  
C  
Coarse 
LF C 
Coarse 
Silt-Clay 
 C 
Coarse
Total 
POM N 
Coarse 
iPOM  
N  
Coarse 
LF N 
Coarse 
Silt-Clay 
 N 
 ____________________________________________ P ___________________________________________ 
Tillage (T)† 0.22 0.15 0.77 0.11 0.63 0.31 0.86 0.16 
Residue Level (RL) 0.54 0.57 0.17 1.00 0.29 0.31 0.18 0.42 
Burn (B) 0.12 0.43 0.80 0.11 0.04 0.32 0.57 0.26 
   T x RL 0.79 0.59 0.93 0.85 0.45 0.42 0.64 0.61 
   T x B 0.98 0.32 < 0.01 0.33 0.80 0.26 < 0.01 0.74 
   B x RL 0.54 0.73 0.39 < 0.01 0.73 0.99 0.36 0.28 
     T x B x RL 0.64 0.71 0.87 0.16 0.92 0.92 0.95 0.06 
         
Tillage† 0.15 0.28 0.43 0.22 0.31 0.31 0.42 0.28 
Residue Level 0.59 0.67 0.08 0.93 0.23 0.25 0.09 0.47 
Irrigation (I) 0.14 < 0.01 0.09 0.45 0.20 0.21 0.23 0.42 
   T x RL 0.66 0.72 0.95 0.80 0.42 0.32 0.76 0.62 
   T x I 0.34 0.23 0.59 0.19 0.22 0.20 0.52 0.07 
   I x RL 0.36 0.49 0.02 0.20 0.03 0.09 < 0.01 0.70 
     T x I x RL 0.23 0.07 0.79 0.85 0.25 0.25 0.83 0.89 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 11. Analysis of variance summary of the effects of residue level, burning, tillage, 
irrigation, and their interactions on fine total particulate organic matter (POM), fine intra-POM, 
fine light-fraction (LF) and fine silt-clay carbon (C) and nitrogen (N) content (g m-2 soil) in the 
top 10 cm following 14 years of consistent management in a wheat-soybean, double crop 
production system at the University of Arkansas’ Lon Mann Cotton Research Station near 
Marianna, AR on a silt-loam soil. Significant (P < 0.05) effects are bolded. 
 
Source of Variation 
Fine 
Total 
POM C 
Fine 
iPOM  
C 
Fine LF 
C 
Fine Silt-
Clay C 
Fine 
Total 
POM N 
Fine 
iPOM  
N 
Fine LF 
N 
Fine Silt-
Clay N 
 ____________________________________________ P ___________________________________________ 
Tillage (T)† 0.15 0.09 0.04 0.16 0.16 0.22 < 0.01 < 0.01 
Residue Level (RL) 0.14 0.16 0.94 0.42 0.04 0.04 0.54 < 0.01 
Burn (B) 0.97 0.99 0.84 0.26 0.79 0.71 0.72 0.04 
   T x RL 0.85 0.96 0.96 0.61 0.84 0.76 0.81 < 0.01 
   T x B 0.98 0.99 0.20 0.74 0.68 0.54 0.01 0.01 
   B x RL 0.18 0.21 0.97 0.28 0.09 0.08 0.01 0.15 
     T x B x RL 0.58 0.70 0.64 0.06 0.50 0.49 0.39 0.26 
         
Tillage† 0.15 0.09 0.02 0.28 0.16 0.21 < 0.01 < 0.01 
Residue Level 0.05 0.15 0.79 0.47 0.01 0.01 0.53 < 0.01 
Irrigation (I) 0.07 0.77 0.10 0.42 0.28 0.35 0.19 0.05 
   T x RL 0.82 0.95 0.94 0.62 0.83 0.83 0.89 < 0.01 
   T x I 0.26 0.29 0.05 0.07 0.15 0.18 0.04 0.83 
   I x RL 0.18 0.15 0.99 0.70 0.37 0.41 0.40 0.86 
     T x I x RL 0.64 0.67 0.5 0.89 0.75 0.77 0.37 0.27 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 12. Analysis of variance summary of the effects of residue level, burning, tillage, 
irrigation, and their interactions on coarse total particulate organic matter (POM), coarse intra-
POM, coarse light-fraction (LF), coarse silt-clay, fine total POM, fine iPOM, fine LF and fine 
silt-clay C:N ratios by content in the top 10 cm following 14 years of consistent management in a 
wheat-soybean, double crop production system at the University of Arkansas’ Lon Mann Cotton 
Research Station near Marianna, AR on a silt-loam soil. Significant (P < 0.05) effects are bolded. 
 
Source of Variation 
Coarse 
Total 
POM C:N 
Ratio 
Coarse 
iPOM 
C:N 
Ratio 
Coarse 
LF 
C:N 
Ratio 
Coarse 
Silt-Clay 
C:N 
Ratio 
Fine  
Total 
POM C:N 
Ratio 
Fine 
iPOM 
C:N 
Ratio 
Fine  
LF  
C:N 
Ratio 
Fine  
Silt-Clay 
C:N 
Ratio 
 ___________________________________________ P __________________________________________ 
Tillage (T)† 0.62 0.38 0.36 0.97 0.31 0.26 0.98 0.20 
Residue Level (RL) 0.62 0.62 0.91 0.40 <0.01 < 0.01 0.40 0.13 
Burn (B) 0.29 0.23 0.01 0.03 0.45 0.48 0.70 0.21 
   T x RL 0.56 0.65 0.16 0.24 0.99 0.97 0.99 0.43 
   T x B 0.27 0.88 0.70 0.81 0.05 0.06 0.92 0.74 
   B x RL 0.30 0.40 0.60 0.13 0.02 0.14 0.16 0.65 
     T x B x RL 0.24 0.16 0.92 0.93 0.87 0.94 0.33 0.59 
         
Tillage† 0.74 0.53 0.47 0.76 0.45 0.17 0.79 0.20 
Residue Level 0.50 0.54 0.87 0.37 < 0.01 < 0.01 0.46 0.23 
Irrigation (I) 0.58 0.50 0.78 0.61 0.47 0.41 0.10 0.51 
   T x RL 0.50 0.51 0.05 0.42 0.99 0.87 0.70 0.39 
   T x I 0.68 0.90 0.63 0.92 0.91 0.23 0.24 0.42 
   I x RL 0.02 0.04 0.04 0.05 0.07 0.01 0.64 0.13 
     T x I x RL 0.63 0.53 0.26 0.37 0.99 0.8 0.61 0.13 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 13. Summary of the effects of residue level, burning, tillage, irrigation, and their 
interactions on coarse total particulate organic matter (POM), coarse silt-clay, fine total POM 
and fine intra-POM (iPOM) C:N ratios by content in the top 10 cm after the 2015 wheat harvest, 
but prior to soybean planting, following 13 years of consistent management in a wheat-soybean, 
double crop production system at the University of Arkansas’ Lon Mann Cotton Research 
Station near Marianna, AR on a silt-loam soil. Significant (P ≤ 0.05) effects are bolded with 
different letters following mean values for a soil property denoting a significant difference within 
a set of four treatment combinations. 
 
Treatment 
Combination† 
C:N Ratios    
Coarse Total 
POM 
Coarse Silt-
Clay 
Fine Total 
POM Fine iPOM 
   CT-B 14.19a 8.44a 13.55ab 13.55a 
   CT-NB 13.59a 9.62a 12.99a 12.97a 
   NT-B 14.38a 8.76a 13.72ab 13.74a 
   NT-NB 13.08a 9.54a 12.17b 11.97a 
     
     
   B-H 14.67a 7.46a 14.56a 14.58a 
   B-L 13.89a 9.73a 12.71b 12.72a 
   NB-H 13.23a 9.87a 12.89ab 12.93a 
   NB-L 13.44a 9.29a 12.27ab 12.00a 
     
     
   IR-H 14.13a 8.19b 13.52a 13.38a 
   IR-L 12.76b 10.51a 11.54a 11.16b 
   NI-H 13.75ab 9.42ab 13.94a 14.06ab 
   NI-L 14.58ab 8.50ab 13.44a 13.56ab 
† Treatment abbreviations are as follows: irrigation (IR), non-irrigated (NI), conventional-tillage 
(CT), no-tillage (NT), high-residue (H), low-residue (L), burn (B), and no-burn (NB). 
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Table 14. Summary of the effects year of sampling (2002 and 2015) on total bacterial, total 
fungal, and total microbial (i.e., bacterial plus fungi) biomass concentrations and contents in the 
top 10 cm following two and 14 years of consistent management, respectively, in a wheat-
soybean, double crop production system at the University of Arkansas’ Lon Mann Cotton 
Research Station near Marianna, AR on a silt-loam soil. Significant (P < 0.05) effects are bolded. 
Means in a row followed by different letter are significantly different at P < 0.05. 
 
Microbial Property Year 
   
2002 2015 
Total Bacterial Biomass† 162.5b 1444a 
Total Fungal Biomass† 237.8b 647.8a 
Total Microbial Biomass† 400.2b 2092a 
   
Total Bacterial Biomass§ 195.0b 1861a 
Total Fungal Biomass§ 284.0b 831.7a 
Total Microbial Biomass§ 479.0b 2692.5a 
† Microbial properties by concentration (µg g-1 soil). 
§ Microbial properties by content (kg ha-1 soil). 
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Table 15. Analysis of variance summary of the effects of residue level, burning, tillage, 
irrigation, and their interactions on total bacterial, total fungal, and total microbial (i.e., bacterial 
plus fungi) biomass concentrations and contents, and the fungal-bacterial-biomass ratio in the top 
10 cm following 14 years of consistent management in a wheat-soybean, double crop production 
system at the University of Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on 
a silt-loam soil. Significant (P < 0.05) effects are bolded. 
 
Source of Variation 
Total 
Bacterial 
Biomass 
(µg g-1) 
Total 
Fungal 
Biomass 
(µg g-1) 
Total 
Microbial 
Biomass 
(µg g-1) 
TF:TB 
Ratio 
Total 
Fungal 
Biomass 
(kg ha-1) 
Total 
Fungal 
Biomass 
(kg ha-1) 
Total 
Microbial 
Biomass 
(kg ha-1) 
 ____________________________________________ P ____________________________________________ 
Tillage (T)† 0.07 0.65 0.10 < 0.01 0.05 0.34 0.07 
Residue Level (RL) 0.08 0.10 0.05 0.88 0.10 0.13 0.07 
Burn (B) 0.25 0.21 0.21 0.30 0.40 0.07 0.83 
   T x RL 0.61 0.69 0.76 0.57 0.78 0.51 0.98 
   T x B 0.79 0.03 0.17 0.28 0.82 0.08 0.45 
   B x RL 0.41 0.42 0.30 0.72 0.48 0.46 0.40 
     T x B x RL 0.47 0.14 0.99 0.24 0.36 0.20 0.83 
        
Tillage† < 0.01 0.68 0.10 < 0.01 < 0.01 0.37 < 0.01 
Residue Level 0.10 0.13 0.11 0.90 0.13 0.15 0.07 
Irrigation (I) 0.27 0.01 0.69 0.32 0.06 0.21 0.43 
   T x RL 0.48 0.71 0.70 0.56 0.73 0.53 0.98 
   T x I < 0.01 0.42 0.01 0.19 < 0.01 0.37 < 0.01 
   I x RL 0.43 0.56 0.29 0.88 0.32 0.45 0.20 
     T x I x RL 0.08 0.34 0.27 0.91 0.20 0.50 0.20 
† Two sets of three-factors analyses of variance were conducted due to the blocking structure for 
the burn and irrigation treatments were the same. 
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Table 16. Summary of correlation coefficients (r) among total bacterial, total fungal, and total 
microbial (i.e., bacterial plus fungi) biomass contents (n = 48) and macro-aggregate (agg), micro-
agg and silt-clay fractions in addition to bulk soil, macro-agg, micro-agg, silt-clay, coarse and 
fine total particulate organic matter (POM), intra-POM, light fraction (LF) and silt-clay carbon 
(C) content and C:N ratios (n = 48). Soil was derived from the top 10 cm following 14 years of 
consistent management in a wheat-soybean, double crop production system at the University of 
Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil.  
 
POM-related Parameter 
Total Bacterial 
Biomass Content 
Total Fungal 
Biomass Content 
Total Microbial 
Biomass Content 
Macro-agg 0.10 0.19 0.16 
Micro-agg -0.06 -0.20 -0.12 
Silt-clay -0.29* -0.01 -0.25 
Bulk Soil C -0.12 0.23 -0.01 
Macro-agg C -0.13 0.08 -0.08 
Micro-agg C -0.32* -0.17 -0.34* 
Silt-clay C 0.04 0.18 0.10 
Coarse total POM C -0.35* 0.16 -0.24 
Coarse iPOM C -0.33* 0.19 -0.21 
Coarse LF C -0.23 0.14 -0.14 
Coarse silt-clay C 0.01 -0.02 0.01 
Fine total POM C -0.20 -0.07 -0.20 
Fine iPOM C -0.13 -0.09 -0.15 
Fine LF C -0.58** 0.1 -0.46** 
Fine silt-clay C -0.26 -0.15 -0.28 
Bulk soil C:N ratio 0.13 0.08 0.14 
Macro-agg C:N ratio -0.16 -0.12 -0.18 
Micro-agg C:N ratio -0.28 0.08 -0.21 
Silt-clay C:N ratio 0.17 0.06 0.17 
Coarse total POM C:N ratio -0.09 -0.05 -0.09 
Coarse iPOM C:N ratio -0.12 -0.06 -0.13 
Coarse LF C:N ratio 0.08 0.15 0.13 
Coarse silt-clay C:N ratio -0.01 -0.02 -0.01 
Fine total POM C:N ratio 0.14 -0.01 0.11 
Fine iPOM C:N ratio 0.24 -0.04 0.19 
Fine LF C:N ratio -0.12 0.01 -0.10 
Fine silt-clay C:N ratio -0.29 0.08 -0.22 
* Significant (P ≤ 0.05) correlation between variables.  
** Significant (P ≤ 0.01) correlation between variables 
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Figure 1. Schematic diagram of the study are and experimental treatment structure at the Lon 
Mann Cotton Research Station near Marianna, Arkansas. Irrigated, dryland, burn, no burn, 
conventional tillage (CT), and no-tillage (NT) treatment blocks, as well as the randomized high 
(H) and low (L) residue level treatments are presented. The study area consists of 48, 3- by 6-m 
individual plots.  
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Figure 2. Flow chart of the particulate organic matter (POM) fractionation procedure to obtain 
aggregate fractions (Part 1), light fraction (LF) within aggregates (Part 2), and total POM within 
each faction (Part 3). 
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Figure 3. Monthly average air temperature (top panel) and monthly rainfall amount (bottom 
panel) during the 2015 soybean growing season obtained from a weather station near the study 
area on the experiment station and the 30-yr monthly averages from 1981 to 2010. 
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Figure 4. Tillage [conventional tillage (CT) and no-tillage (NT)]-residue-level [high (H) and low 
(L)] treatment effects on macro- (top) and micro-aggregate soil concentrations in the top 10 cm 
of soil in September 2015 following nearly 14 years of consistent management in a wheat-
soybean, double-crop system near Marianna, AR. Different letters atop bars within a panel 
denote significant differences between treatment combinations. 
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Figure 5. Burn [burn (B) and no-burn (NB)]-residue-level [high (H) and low (L)] (top), 
irrigation [irrigated (IR) and non-irrigated (NI)]-residue-level (middle), and tillage [conventional 
tillage (CT) and no-tillage (NT)]-irrigation treatment effects on silt-clay soil fraction in the top 
10 cm of soil in September 2015 following nearly 14 years of consistent management in a wheat-
soybean, double-crop system near Marianna, AR. Different letters atop bars within a panel 
denote significant differences between treatment combinations. 
147 
 
 
Figure 6. Burn [burn (B) and no-burn (NB)]-residue-level [high (H) and low (L)] treatment 
effects on total particulate organic matter (POM) C (top) and N (bottom) concentrations contents 
among 2-sets of 2-factor analyses of variance of aggregate-size classes in the top 10 cm of soil in 
September 2015 following nearly 14 years of consistent management in a wheat-soybean, 
double-crop system near Marianna, AR. Different letters atop bars within a size class within a 
panel denote significant differences between treatment combinations. 
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Figure 7. Tillage [conventional tillage (CT) and no-tillage (NT)]-burn [burn (B) and no-burn 
(NB)] treatment effects on light fraction (LF) C (top) and N (bottom) concentrations contents 
among 2-sets of 2-factor analyses of variance of aggregate-size classes in the top 10 cm of soil in 
September 2015 following nearly 14 years of consistent management in a wheat-soybean, 
double-crop system near Marianna, AR. Different letters atop bars within a size class within a 
panel denote significant differences between treatment combinations. 
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Figure 8. Tillage [conventional tillage (CT) and no-tillage (NT)]-residue-level [high (H) and low 
(L)] treatment effects on total C (top) and N (bottom) contents among 3-sets of 2-factor analyses 
of variance of aggregate-size classes in the top 10 cm of soil in September 2015 following nearly 
14 years of consistent management in a wheat-soybean, double-crop system near Marianna, AR. 
Different letters atop bars within a size class within a panel denote significant differences 
between treatment combinations. 
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Figure 9. Tillage [conventional tillage (CT) and no-tillage (NT)]-burn [burn (B) and no burn 
(NB)] treatment effects on total C (top) and N (bottom) contents among 3-sets of 2-factor 
analyses of variance of aggregate-size classes in the top 10 cm of soil in September 2015 
following nearly 14 years of consistent management in a wheat-soybean, double-crop system 
near Marianna, AR. Different letters atop bars within a size class within a panel denote 
significant differences between treatment combinations. 
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Figure 10. Irrigation [irrigated (IR) and non-irrigated (NI)]-residue-level [high (H) and low (L)] 
treatment effects on particulate organic matter (POM) C (top left) and N (bottom left) contents 
and on light fraction (LF) C (top right) and N (bottom right) contents among 2-sets of 2-factor 
analyses of variance of aggregate-size classes in the top 10 cm of soil in September 2015 
following nearly 14 years of consistent management in a wheat-soybean, double-crop system 
near Marianna, AR. Different letters atop bars within a size class within a panel denote 
significant differences between treatment combinations. 
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Figure 11. Tillage [conventional tillage (CT) and no-tillage (NT)]-burn [burn (B) and no burn 
(NB)] treatment effects on light fraction (LF) C (top) and N (bottom) contents among 2-sets of 2-
factor analyses of variance of aggregate-size classes in the top 10 cm of soil in September 2015 
following nearly 14 years of consistent management in a wheat-soybean, double-crop system 
near Marianna, AR. Different letters atop bars within a size class within a panel denote 
significant differences between treatment combinations.  
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Figure 12. Tillage [conventional tillage (CT) and no-tillage (NT)]-irrigation [irrigated (IR) and 
non-irrigated (NI)] treatment effects on light fraction (LF) C (top) and N (bottom) contents 
among 2-sets of 2-factor analyses of variance of aggregate-size classes in the top 10 cm of soil in 
September 2015 following nearly 14 years of consistent management in a wheat-soybean, 
double-crop system near Marianna, AR. Different letters atop bars within a size class within a 
panel denote significant differences between treatment combinations. 
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Figure 13. Burn [burn (B) and no burn (NB)]-residue-level [high (H) and low (L)] treatment 
effects on silt-clay fraction C (top) and N (bottom) contents among 2-sets of 2-factor analyses of 
variance of aggregate-size classes in the top 10 cm of soil in September 2015 following nearly 14 
years of consistent management in a wheat-soybean, double-crop system near Marianna, AR. 
Different letters atop bars within a size class within a panel denote significant differences 
between treatment combinations. 
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Figure 14. Tillage [conventional tillage (CT) and no-tillage (NT)]-residue-level [high (H) and 
low (L)] treatment effects on silt-clay fraction C (top) and N (bottom) contents among 2-sets of 
2-factor analyses of variance of aggregate-size classes in the top 10 cm of soil in September 2015 
following nearly 14 years of consistent management in a wheat-soybean, double-crop system 
near Marianna, AR. Different letters atop bars within a size class within a panel denote 
significant differences between treatment combinations. 
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Figure 15. Tillage [conventional tillage (CT) and no-tillage (NT)]-burn [burn (B) and no burn 
(NB)] treatment effects on silt-clay fraction C (top) and N (bottom) contents among 2-sets of 2-
factor analyses of variance of aggregate-size classes in the top 10 cm of soil in September 2015 
following nearly 14 years of consistent management in a wheat-soybean, double-crop system 
near Marianna, AR. Different letters atop bars within a size class within a panel denote 
significant differences between treatment combinations. 
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Figure 16. Tillage [conventional tillage (CT) and no-tillage (NT)]-irrigation [irrigated (IR) and 
non-irrigated (NI)] treatment effects on total bacterial (top left) and total microbial (bottom left) 
biomass concentrations and contents (top right and bottom right, respectively) in the top 10 cm 
of soil in September 2015 following nearly 14 years of consistent management in a wheat-
soybean, double-crop system near Marianna, AR. Different letters atop bars within a panel 
denote significant differences between treatment combinations. 
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Figure 17. Tillage [conventional tillage (CT) and no-tillage (NT)]-burn [burn (B) and no-burn 
(NB)] treatment effects on total fungal biomass concentration in the top 10 cm of soil in 
September 2015 following nearly 14 years of consistent management in a wheat-soybean, 
double-crop system near Marianna, AR. Different letters atop bars within a panel denote 
significant differences between treatment combinations. 
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Chapter Three 
 
 Agronomic Management Practice Effects on Infiltration in a Long-term Wheat-soybean, 
Double-crop System in Eastern Arkansas 
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Abstract 
Improving the understanding of alternative and conventional management practices and 
their interactions on soil hydraulic properties is instrumental to soil, groundwater, and irrigation 
water management in the Lower Mississippi River Delta (LMRD) region in eastern Arkansas. 
For decades, extensive regional groundwater withdrawals for irrigated agriculture has caused 
severe groundwater depletion and water table declines. The objective of this field study was to 
evaluate the effects of alternative and conventional management practices, including wheat-
residue level, residue burning, tillage, and irrigation, on falling-head and tension infiltration into 
a silt-loam soil (Glossaquic Fraglossudalf) following 11 and 14 years of consistent management 
in a long-term, wheat (Triticum aestivum L.)-soybean (Glycine max [L.] Merr.), double-crop 
(WSDC) production system in the LMRD region of eastern Arkansas. Accounting for 
differences in initial volumetric water content (VWC), averaged across burning and tillage, the 
overall falling-head infiltration rate in the 2012-non-irrigated-high-residue combination (8.3 cm 
hr-1) was 2.7 times greater (P = 0.02) than the combined average of all 2015 irrigation-residue-
level combinations, which did not differ and averaged 2.2 cm hr-1. In 2012, averaged across 
tillage, residue-level, and irrigation treatments, the overall tension infiltration rate at a tension of 
-2 cm into the no burn (16.1 cm hr-1) was over 300% greater (P < 0.01) than into the burn 
treatment (5.3 cm hr-1).The y-intercept characterizing the relationship between the LN-
transformed falling-head infiltration rate over time was 113 and 82% greater in the 2012 
irrigated-low- (2.84) and non-irrigated-high-residue (2.42) compared to the 2015 irrigated-low- 
and non-irrigated-high-residue treatment combinations, which did not differ and averaged 1.33, 
confirming that infiltration-related soil hydraulic properties changed in three years after more 
than a decade of consistent management. The overall falling-head infiltration rate was unaffected 
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(P > 0.05) by the residue burn treatment, while the overall tension infiltration rate was unaffected 
(P > 0.05) by the tillage, burn, and irrigation treatments in 2015. Greater understanding of the 
effects of alternative agronomic management practices in a WSDC system on infiltration can 
lead to direct and indirect improvements in soil health, aquifer recharge, crop productivity, and 
overall sustainability in the LMRD region. 
 
  
162 
 
Introduction 
Agricultural sustainability attempts to implement agricultural technologies and practices 
that lead to improved food production while improving environmental conditions (Pretty, 2008). 
Soil health, the capacity of a soil to sustain or promote plant and animal health and productivity 
while maintaining or enhancing water and air quality, is an important parameter for agricultural 
sustainability (Doran, 2001). Sustainable agricultural production may only be achieved when 
natural resource capital (NRC) [i.e., top soil, soil organic matter (SOM), soil water, soil fertility, 
soil health, groundwater, etc.] is consumed in equilibrium with the rate of replenishment 
(Hawkens et al., 1999). Agricultural production practices resulting in an increased rate of NRC 
replenishment can subsequently increase NRC consumption without diminishing agricultural 
production for future generations. Therefore, increasing the natural capital of soils can lead to a 
multitude of benefits including increased fertility, water storage capacity, infiltration, and 
organic matter resulting in greater crop yields, groundwater recharge, decreased runoff and 
nutrient pollution, and greater carbon (C) sequestration, respectively (Brye, 2003; Harper et al., 
2008; Hillel, 1992; Scott et al., 1998).  
In several agricultural regions around the world, water-stress concern is increasing 
(Falkenmark, 1997), with no exception to the Lower Mississippi River Delta (LMRD) region of 
eastern Arkansas. Agricultural irrigation accounts for 75% of freshwater use worldwide, yet 
salinity and/or water-logging have damaged 10 to 15% of irrigated land resulting in pressure for 
intensification of current agricultural production and extensification, defined as bringing prior 
non-agricultural land into production (Bennett, 2000). Groundwater withdrawals from the 
Alluvial Aquifer, the shallowest and main groundwater aquifer used throughout the cultivated 
agricultural areas in eastern Arkansas,  in the LMRD region continue to exceed the recharge rate, 
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thus groundwater is predicted to be exhausted by 2050 (Scott et al., 1998). The Alluvial Aquifer 
is estimated to sustainably yield 3347 Mgal day-1; however, 8036 Mgal day-1 are being pumped, 
effectively diminishing long-term retention of NRC (ANRC, 2016). Infiltration is the first step 
towards groundwater recharge; therefore, management practices that increase infiltration can 
lead to increased groundwater recharge, particularly for the shallow aquifers. 
Increased infiltration leads directly to decreased runoff and potential soil erosion 
(Mannering and Meyer, 1963). Reduced runoff and erosion lead to improved soil and water 
quality (Carpenter et al., 1998; Harper et al., 2008), as off-site sediment, a major constituent in 
water pollution, transport does not occur. Replenishment of soil water via infiltration can lead to 
improved soil quality parameters, including increased organic matter, water holding capacity, 
soil structure, and nutrient retention (Verkler et al., 2009). Furthermore, infiltration can increase 
aquifer recharge directly by matrix or macropore flow of water through the soil profile to the 
underlying aquifer or indirectly by increasing crop water-use efficiency.  
Soil aggregate formation and resulting aggregate stability are important soil surface 
characteristics affecting infiltration. An aggregate’s ability to resist the destructive forces of 
freeze-thaw and wet-dry cycles, tillage, raindrop impact, wind, and water erosion is known as 
aggregate stability (AS; Kemper and Rosenau, 1986). Aggregate stability provides several 
benefits, including increased infiltration, reduced erosion, beneficial conditions for root growth, 
and physical protection of SOM (Wander and Bidart, 2000). Additional soil properties that can 
promote infiltration include: greater permeability due to a coarser particle-size distribution; how 
easily a gas, liquid, or plant root can penetrate a soil mass or a soil layer; increased porosity; and 
lower bulk density (Brady and Weil, 2008). Agronomic management practices that promote 
increased macropore abundance and increased SOM are also positive influences on infiltration 
164 
 
(Verkler et al., 2007). Cropping system and agricultural management practices that result in 
increased water-use efficiency, reduced dependence on irrigation, and increased soil water-
holding capacity can also mitigate potential production losses due to water shortages.  
Soybean (Glycine max [L.] Merr.) production is widespread in eastern Arkansas and can 
impart several effects on infiltration. Traditionally, soybean are grown in full-season, mono-
cropped production system using conventional management practices that include conventional 
tillage (CT), irrigation, and use of genetically modified (GM) varieties along with pesticides for 
weed control. Consequently, the long-history of conventional soybean management practices 
have led to decreased infiltration and aquifer depletion in eastern Arkansas (Harper et al., 2008; 
Scott et al., 1998). However, of the 1.4 million ha of soybean planted in Arkansas in 2017 
(USDA-NASS, 2017), which, based on 2013 data, an estimated 16% were planted in a double-
crop system (USDA-NASS, 2013), where winter wheat (Triticum aestivum L.) is most 
commonly paired with soybean in Arkansas (ASPB, 2001).  
 With wheat in the rotation, residue burning has been an additional traditional 
management practice. However, alternative conservation management practices exist, such as 
no-tillage (NT), dryland production, and abstaining from residue burning, that can subsequently 
decrease runoff, erosion, and groundwater depletion (Dabney, 1998) and potentially increase 
infiltration. Increasing the use of conservation management practices in WSDC systems could 
provide a method to sustainably maintain and/or intensify agricultural productivity in the LMRD 
region.  
Depending on available income, a producer may supplement the wheat crop with 
applications of nitrogen (N) fertilizer to optimize yield for grain harvest, although unfertilized 
wheat can be used solely for the benefits associated with winter cover cropping. Spring 
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applications of N fertilizer on winter wheat can lead to greater biomass production that can 
promote soil aggregation (Malhi and Gill, 2002). Transpiration from cover crops can increase 
infiltration, but transpiration cannot exceed the precipitation needed to replenish soil water 
supply to maintain sufficient soil moisture for optimal crop production (Unger and Vigil, 1998). 
A 3-year study in a Centralia loam to clay loam (Typic Humaquept) in Ontario, Canada 
investigated full-season soybean planted into wheat residue and resulted in an increase in soil 
moisture, which increases soil hydraulic conductivity, and lower near-surface soil temperature 
due to the residue cover compared to residue cover removed (Vyn et al., 1998). 
The LMRD region of eastern Arkansas has suffered from decreased infiltration capacity 
since the introduction of intensive agricultural practices, including residue burning and 
conventional tillage, compared to soils under forage, turfgrass, and/or undisturbed native prairie 
management (Brye and Pirani, 2005; Delong et al., 2003; Harper et al., 2008). Traditionally, soil 
surface residues have been associated with mechanical planting difficulties, poor stand 
establishment, decreased herbicide efficacy, and the release of growth-inhibiting allelopathic 
compounds, all of which can result in yield reductions (Sanford, 1982; Hairston et al., 1987). As 
a result, crop residues, particularly wheat residue, are often viewed as a nuisance and are 
commonly burned, plowed under, or both to prepare the seedbed for double-cropped soybean 
following wheat (Sanford, 1982; Heatherly et al., 1996; Kelley and Sweeny, 1998; Prasad et al., 
1999). In the mid-southern US, wheat residue burning in the WSDC system is a widespread 
practice (Frederick et al., 1998; Sanford, 1982). The effects of annual residue burning are 
speculated to take 20 to 30 years to realize the extent of negative impacts on crop yield and soil 
properties (Rasmussen and Parton, 1994). Residue burning has also been shown to have 
detrimental effects on soil moisture (Kelley and Sweeny, 1988; NeSmith et al., 1987), decreased 
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surface infiltration (Mallik et al., 1984; Rasmussen et al., 1980; Wuest et al., 2005), and have no 
effect on surface infiltration (Undersander and Reiger, 1985).   
Similar to residue burning, tillage practice can have a direct effect on infiltration through 
either retaining soil structure and plant residue on soil surface by implementing NT or some 
other conservation tillage practice or disturbing soil structure and incorporating plant residue by 
implementing CT practices. Through practices that maintain adequate surface residues, such as 
conservation tillage, rainfall utilization efficiency can be increased and result in improved crop 
yields (Franzluebbers and Doriswamy, 2007). Dao (1993) reported decreased water infiltration 
and negative effects on precipitation associated with CT due to a layered recharge pattern from 
plowing, as opposed to a recharge pattern through macropores associated with NT. Infiltration 
rate, hydraulic conductivity, and water-holding capacity have all been shown to increase under 
management practices that increase SOM, such as NT, resulting in decreased irrigation needs 
(Dabney, 1998; Verkler et al., 2009). 
Large infiltration rates lead to increased soil water contents, particularly near the surface. 
In a study comparing water-retention characteristics in native prairie and converted native prairie 
under continuous annual cultivation for 0 (native prairie), 15, 26, and 44 years in a Dewitt silt-
loam (fine, smectitic, thermic Typic Albaqualf) in eastern Arkansas, years of continuous 
cultivation was shown to significantly affect the slope of the linearized soil moisture release 
curve for the top 10 cm, such that when the same water potential was achieved, the native prairie 
soil had a greater water content than the cultivated agricultural soils (Brye, 2003). Comparing 
among agricultural tillage practices, infiltration has reportedly increased (Azooz and Arshad, 
1996; Dao, 1993 Stone and Schlegel, 2010), decreased (Blanco-Canqui et al., 2017; Lipiec et al., 
2006) and remained the same (Unger, 1992) in NT compared to CT. Similarly, greater 
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infiltration rates under NT than CT have also been shown to be the result of increased macropore 
flow (Meek et al., 1992) and reduced surface sealing due to uniformly residue covered soil 
surface under NT (Zuzel et al., 1990).  
 Irrigated crop production likely increases infiltration due to greater organic matter inputs 
to lower bulk density and increase porosity, hence increasing soil aggregation, compared to 
dryland production, though no studies in the LMDR region have directly evaluated the long-term 
effects of irrigation treatment on infiltration. Along with an increase in soil moisture, effects of 
irrigation, compared to dryland production, is attributed to an increase in aboveground plant 
biomass (Norman et al., 2016). Belowground biomass likely increases with irrigation as root 
growth is directly related to prolonged soil moisture within the growing season. Adequate soil 
moisture throughout the growing season, as a result of irrigation, may increase underground 
biomass and microbial activity, increasing microbial- and plant-derived polysaccharides which 
act as binding agents increasing aggregation (Six et al., 2004). Infiltration under irrigated 
production likely increases with greater aggregation as aggregation increases pore space, 
compared to dryland production.  
The chosen cropping system can cause measurable effects on soil properties that are 
related to infiltration. However, this residue effect may provide benefits in the mid-southern 
United States, including in eastern Arkansas, as soybean are often planted in hot and dry soil 
conditions (Cordell et al., 2006). In contrast, increased runoff and runoff sediment load under CT 
has been shown to reduce infiltration rates into fine-textured, alluvial soils in Arkansas (Harper 
et al., 2008). In a 4-yr study in Watkinsville, GA in a sandy-loam soil (Typic Hapludults), NT 
barley (Hordeum vulgare L.)-sorghum double-crop systems had decreased runoff and runoff 
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sediment load compared to CT mono-cropped systems, with runoff reduced by 90% under the 
NT-crop-rotation treatment in summer months (Langdale et al., 1979).  
 Agricultural, coupled with environmental and natural resource (i.e., soil and 
groundwater), sustainability are current and critical issues facing soybean producers in the 
LMRD region, particularly in eastern Arkansas. As groundwater continues to be depleted and the 
global population continues to grow, sustaining and/or increasing soybean production in a 
continuously water-stressed environment will be challenging. Additionally, the compounding 
effects of predicted rising costs of water and fossil fuels (Garnett et al., 2013; Hanjra and 
Qureshi, 2010) will likely increase the cost of production and application of external 
amendments, including fertilizers and pesticides.  
Agricultural management practices that increase infiltration can promote reduced soil 
erosion and nutrient pollution from runoff and increased groundwater recharge. These beneficial 
environmental effects can in turn help producers in the LMDR of eastern Arkansas make 
informed decisions and choose management practices that increase infiltration, soil fertility, and 
SOM. Therefore, studying the effects of common residue and water management practices on 
infiltration will contribute to sustaining soil health and agricultural productivity in the LMRD 
region, particularly in eastern Arkansas, for future generations. 
 Alternative management practices can provide a more sustainable way than traditional 
practices for soybean producers to ensure soil health, meet environmental goals, sustain NRC, 
and retain economic viability. However, the potential costs and time investment associated with 
switching to alternative management practices present risks for soybean producers. 
Consequently, long-term studies are needed to increase the degree of confidence for realizing 
long-term benefits of switching to alternative management practices. Short-term field studies, 
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commonly three years or less involving row crops, cannot determine the long-term benefits of 
alternative management practices to soil health and crop production. In a WSDC study in eastern 
Arkansas, soil bulk density in the top 10 cm increased at a greater rate under NT compared to CT 
in the first three years after management practice conversion, but, in subsequent years, bulk 
density decreased at similar rates in both NT and CT (Amuri and Brye, 2008). A short-term 
study would not have observed the long-term effects and the long-term effects of NT would 
likely have been misinterpreted. Furthermore, there are few long-term crop rotation studies in the 
southern and mid-southern United States that have examined the effects of residue and water 
management practices on infiltration. Therefore, the objective of this field study was to evaluate 
the effects of alternative and conventional management practices, including wheat-residue level, 
residue burning, tillage, and irrigation, on falling-head and tension infiltration into a silt-loam 
soil (Glossaquic Fraglossudalf) following 11 and 14 years of consistent management in a long-
term WSDC production system in the LMRD region of eastern Arkansas.  It was hypothesized 
that infiltration rates would be greater with management practices that decreased soil disturbance 
(i.e., NT) and retained or increased surface residue cover (i.e., non-burning) compared to CT and 
residue burning, likely due to increased near-surface soil aggregation, macroporosity, and SOM. 
Infiltration was also expected to change over time and be greater after 14 cropping cycles under 
alternative management practices compared to after 11 cropping cycles, while infiltration under 
conventional management practices was expected to change less or not at all over time.  
  
Materials and Methods 
Site Description 
A long-term WSDC system was established in Fall 2001 at the University of Arkansas – 
Division of Agriculture’s Lon Mann Cotton Research Station (N 34˚, 44’, 2.26”; W 90˚, 45’, 
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51.56”; Cordell et al., 2006) near Marianna in the Southern Mississippi Alluvium [Major Land 
Resource Area (MLRA) 131A]. Major Land Resource Area 131A occupies areas of Louisiana 
(32%), Arkansas (26%), Mississippi (26%), Missouri (12%), Tennessee (3%), and Kentucky 
(1%) and makes up most of the Mississippi Alluvial Plains along the Mississippi River, south of 
the confluence with the Ohio River (NRCS, 2006). The mean annual air temperature in the 
region is 16.6˚C, with a mean minimum January and mean maximum July air temperature of 4.2 
and 27.5˚C, respectively (NOAA, 2017). Annual precipitation is 128 cm based on the 30-yr 
annual mean (i.e., 1981-2010; NOAA, 2017). The combined relatively flat topography and 
relatively warm, wet climate make for a highly productive agricultural area. The field study is 
located on a Calloway silt-loam (fine silty, mixed, active, thermic Glossaquic Fraglossudalf; 
Brye et al., 2006b; NRCS-SSS, 2017) with 16% sand, 73% silt, and 11% clay in the top 10-cm 
(Brye et al., 2006a).  
 
Treatments and Experimental Design 
Field plots were originally configured in a three-factor, split-strip-plot experimental 
design with six replications of eight treatment combinations (Cordell et al., 2006). The three 
original treatment factors included high- and low-residue level, wheat residue burning and no 
burning, and CT and NT (Cordell et al., 2006; Figure 1). The two residue levels were attained 
with differential N fertilization, with an optimum N rate for wheat production and a deficient N 
rate (Cordell et al., 2006; Smith et al., 2013). A fourth field treatment was added in 2005 by 
dividing the study area in half and establishing two irrigated and two non-irrigated (i.e., dryland) 
blocks (Verkler et al., 2009; Figure 1). However, logistical field management constraints resulted 
in irrigated and dryland blocks corresponding directly to the burn and non-burn treatment blocks, 
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thus the irrigation and burning treatments are unable to be simultaneously statistically evaluated 
(Amuri et al., 2008; Smith et al., 2014a). At present, there are 48, 3-m-wide x 6-m-long plots 
consisting of six replications of each tillage-burning-residue-level combination and three 
replications of every tillage-irrigation-burning-residue-level combination (Amuri et al., 2008). 
 
Field Management 
Before establishing the WSDC system in Fall 2001, the field had been under mono-
cropped soybean production using CT for at least five years (Cordell et al., 2006). Prior to drill-
seeding the wheat variety ‘Coker 9553’ with 19-cm row spacing, initial field preparation in Fall 
2001 included disking twice followed by broadcast application of N (20 kg ha-1), P (22.5 kg ha-
1), K (56 kg ha-1) and pelletized limestone (1120 kg ha-1). From 2002 through 2004, all 48 plots 
were broadcast-fertilized by hand with urea (46% N) at the rate of 101 kg N ha-1 in 
approximately early March each year. To produce high- and low-residue levels, the high-residue 
plots (n = 24) were further broadcast-fertilized by hand with 101 kg N ha-1 in late March, close to 
the late-jointing stage. Failed wheat-stand establishment occurred in Fall 2004 due to prolonged 
wet soil conditions, which resulted in no N fertilizer application in Spring 2005. From 2006 
onward, the high-residue plots received a split application of urea in late February (56 kg N ha-1) 
and in late March (56 kg N ha-1), while the low-residue plots have received no N fertilizer since 
2006, which has resulted in at least numeric, and often significant, annual residue-level 
differences (Smith et al., 2014a). 
Each year, in early to mid-June, wheat was harvested using a plot combine with a 1.5- to 
2-m wide header. Immediately following harvest, wheat residue from each plot was uniformly 
spread back on the plot by manual raking. Soil surface residue uniformity was further attained by 
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use of a rotary mower to cut down the remaining wheat stubble to a height of ≤ 10-cm. After 
mowing, half of the plots were burned by propane flaming, thus introducing the wheat residue 
burning treatment. Wheat-residue burning did not occur in 2005, 2007, and 2012 due to the lack 
of a wheat stand, prolonged wet soil conditions, and overly weedy conditions, respectively. The 
tillage treatment was imposed yearly following imposing the burn treatment. The common, 
regional, pre-soybean-planting tillage operation is CT, which begins by disking at least twice 
with a tandem disk to a depth of approximately 10-cm followed by at least three passes with a 
soil conditioner (i.e., Triple K or Do-All) for seedbed smoothing.  
From 2002 to 2013, around mid-June, following wheat harvest and burning and tillage 
treatment implementation, a glyphosate-resistant soybean (maturity group 5.3 or 5.4) was drill-
seeded with 19-cm row spacing at a rate of approximately 47 kg seed ha-1. From 2014 onward, 
an improved glyphosate-resistant soybean cultivar (Liberty link 4.9 maturity group) was drill-
seeded at a rate of approximately 101 kg seed ha-1. Application of potassium (K) fertilizer 
followed recommended rates (UACES, 2000) when needed according to the previous year’s soil-
test K requirements. From 2002 to 2004, every plot was furrow-irrigated as needed three to four 
times throughout the soybean growing season. From 2005 onward, a levee has been established 
to exclude irrigation from half of the plots to introduce the dryland treatment, which receives 
only natural rainfall. Following University of Arkansas Cooperative Extension Service 
recommendations, annual weed and insect management throughout the study included herbicide 
and insecticide applications during the wheat and soybean growing season on an as-needed basis 
(UACES, 2000). Soybean harvest using a plot combine generally occurred in late October to 
early November each year. Following soybean harvest, the subsequent wheat crop was sown 
without any other field manipulations to begin the next cropping cycle. 
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Soil Sample Collection and Processing 
 In September 2012 and 2015, one soil core was collected from the top 10 cm of each plot 
using a 4.8-cm-diameter stainless steel core chamber and slide hammer. Samples were oven-
dried for 48 hr at 70˚C and weighed to determine bulk density. 
 After all infiltration measurements had been conducted in 2015, six, 2-cm diameter soil 
cores were collected from the top 10 cm within the outer-ring area from the double-ring 
infiltrometer measurement in each plot using a push probe and were combined for one composite 
sample per plot for SOM measurement. Soil samples were oven-dried for 48 hours at 70˚C, then 
SOM concentrations were determined by weight-loss-on-ignition after 2 hours at 360˚C (Schulte 
and Hopkins, 1996). 
 
Infiltration Measurements 
 Following soybean harvest and wheat planting, on November 17 and 18, 2012 and 
November 7, 2015, infiltration measurements were performed once in each of the 48 plots using 
a falling-head, double-ring infiltrometer (IN7-W, Turf-Tec International, Tallahassee, FL) with a 
15-cm inner-ring diameter. This resulted in three replicate infiltration measurements for every 
tillage-irrigation-burning-residue level combination. After gently brushing any surface residue 
aside in each plot, the double-ring infiltrometer was tamped approximately 2-cm into the bare 
soil. Immediately before filling the infiltrometer with water, three replicates measurements of 
soil volumetric water content (VWC) were recorded from the top 6-cm within the outer ring of 
the double-ring infiltrometer using a Theta Probe (model TH20, Dynamax, Houston, TX). The 
procedure for double-ring infiltration measurements followed a standard method for infiltration 
into soils (ASTM, 1994). Quickly after filling the outer ring, the inner ring was filled and, using 
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a pre-positioned ruler with the 0-cm mark at the soil surface, the water height inside the inner 
ring was recorded at time zero. For the next 20 minutes, or until all the water within the inner 
ring had infiltrated, changes in water height were recorded at 1, 2, 3, 4, 5, 8, 10, 12, 15, 18, and 
20 minutes after time zero.  
In addition to falling-head, double-ring infiltration, duplicate tension infiltration 
measurements were conducted using a mini-disk infiltrometer (model S, Decagon Devices, Inc., 
Pullman, WA), which has a disk diameter of 4.4 cm. Tension-infiltration measurements were 
conducted in each of the 24 high-residue plots at a soil-water tension of -2 cm, which only allows 
infiltration into the soil matrix as opposed to the falling-head infiltration which allows water flow 
into macropores as well. Approximately 1 hour after the falling-head infiltration measurement 
had ceased in a plot, one tension-infiltration measurement was conducted within the inner-ring 
area where the double-ring infiltration measurement had been conducted to assume uniformly 
wetted soil conditions while the second tension-infiltration measurement was conducted in a 
second random location within a plot. The mini-disk infiltrometers were snugly placed on the 
soil surface after gently brushing aside any surface residue. Similar to double-ring infiltration 
measurements, the water remaining in the tension-infiltrometer’s water reservoir was recorded at 
1, 2, 3, 4, 5, 8, 10, 12, 15, 18, and 20 minutes after time zero. All water used for infiltration 
measurements was tap water either transported to the field study or retrieved from a building at 
the research station where the field study was located. 
For both double-ring and tension infiltration data, the overall infiltration rate was 
calculated as the total infiltration that occurred in the 20-min measurement period or in the 
duration that it took for the water to completely infiltrate if the duration was less than 20 
minutes. Infiltration rates were calculated between each measurement interval (i.e., 1, 2, 3, 4, 5, 
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8, 10, 12, 15, 18, and 20 minutes after time zero). In addition, to facilitate statistical evaluation of 
the effects of field treatments and time (i.e., 2012 and 2015) on the relationship between infiltrate 
rate and measurement time interval, raw infiltration rates on a plot-by-plot basis were natural-
logarithm (LN) transformed and regressed against the mid-point of the measurement time to 
determine the slope and y-intercept parameters characterizing the linearized relationship between 
the LN of the infiltration rate and the mid-point of the measurement time. 
 
Environmental Conditions 
 Total annual rainfall in 2012 and 2015 was 85.5 and 129.3 cm, respectively, thus 2012 
was a below-normal dry year, while 2015 was a typical rainfall year. In November 2012, total 
on-site rainfall was 10.1 cm, which was slightly below the 30-yr monthly normal for November 
(12.5 cm), while 23.9 cm fell in November 2015, which was 191% greater than the 30-yr 
monthly normal for November (NOAA, 2017).  
 The 30-yr annual average and monthly minimum and maximum air temperatures were 
16.6ºC, 4.2ºC in January, and 27.5ºC in July, respectively, with the average November 
temperature being 11.3ºC (NOAA, 2017). The average annual air temperature on-site in 2012 
and 2015 was 18.2 and 17.1ºC, respectively, which were both greater than the 30-yr normal. The 
November air temperature in 2012 averaged 10.7ºC, which was slightly less than the 30-yr 
monthly normal, and averaged 13.5ºC in 2015, which was slightly greater than the 30-yr monthly 
normal for November (NOAA, 2017). 
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Data Analyses 
Due to confounding logistical constraints, the irrigation treatment block added in 2005 
had to directly correspond to the residue burn treatment block, making both treatments unable to 
be simultaneously statistically analyzed. As a result, two separate three-factor analyses of 
variance (ANOVAs) were conducted using PROC MIXED in SAS (version 9.4, SAS Institute, 
Inc., Cary, NC) to evaluate the effects of tillage, burning, residue level, and their interactions as 
well as tillage, irrigation, residue level, and their interactions on 2012 and 2015 soil bulk density 
and 2015 SOM concentration. In addition, two separate four-factor ANOVAs were conducted 
using PROC MIXED in SAS, using VWC as a covariate since VWC differed greatly at the time 
of infiltration measurements in both years, to evaluate the effects of year, tillage, burn, residue-
level, and their interactions as well as year, tillage, irrigation, residue level, and their interactions 
on falling-head infiltration properties (i.e., overall infiltration rate and the slope and y-intercept 
parameters characterizing the linearized relationship between the LN of the infiltration rate and 
the mid-point of the measurement time) in 2012 and 2015. Treatment means were compared at 
the mean VWC observed in 2015.  
Two separate two-factor ANOVAs were conducted using PROC Mixed in SAS to 
evaluate the effects of tillage, burning, and their interactions as well as tillage, irrigation, and 
their interactions on tension-infiltration related properties measured in 2012 and 2015 (i.e., 
VWC, overall infiltration rate, and the slope and y-intercept parameters characterizing the 
linearized relationship between the LN of the infiltration rate and the mid-point of the 
measurement time). For certain variables, the least squared means were not achievable using the 
PROC MIXED type-three least-squared procedure, resulting in the use of the PROC MIXED 
maximum likelihood procedure. When appropriate, means were separated using least significant 
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difference (LSD) at the α = 0.05 level. A correlation analysis was performed using Minitab 
(version 13.31, Minitab, Inc., State College, PA) among 2015 SOM and 2015 bulk density, 2012 
bulk density, and volumetric water content, overall infiltration rate, and slope and y-intercept 
parameters from the double-ring (DR) and mini-disk (MD) infiltration measurements in 2012 
and 2015.  
 
Results and Discussion 
Initial Soil Water Content 
The process of infiltration into soil is known to be greatly affected by the soil water 
content at the time infiltration begins. The initial soil water content affects several soil properties 
associated with water flow, including hydraulic conductivity, capillary forces, the depth of 
wetting front penetration, and percolation. Hydraulic conductivity is generally greater when the  
initial soil water content is large, which can result in greater infiltration than when the initial soil 
water content and hydraulic conductivity are low. However, a greater initial soil water content 
can reduce capillary forces responsible for movement of water from larger pores to smaller 
pores, as the smaller pores may already be filled, which may reduce infiltration. Consequently, it 
is necessary to evaluate initial soil water contents among field treatments known to cause 
differential soil water contents (i.e., tillage and residue burning) so that valid comparisons and 
assessments of infiltration among field treatments can be made.  
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Falling-head Infiltration Measurements 
Soil water contents in the top 6-cm varied widely throughout the study area before 
falling-head infiltration measurements in 2012 and 2015. Throughout the study area, VWC 
ranged from 0.26 to 0.36 cm3 cm-3 and averaged 0.32 cm3 cm-3 in 2012, which, averaged over all 
field treatments, was greater (P < 0.05) than that in 2015, which ranged from 0.15 to 0.28 cm3 
cm-3 and averaged 0.24 cm3 cm-3. Due to the significant difference between years in VWC in the 
top 6-cm at the time infiltration measurements were conducted, VWC had to be used as a 
covariate in the evaluation of field treatment effects on infiltration properties.    
 
Tension Infiltration Measurements 
In contrast to the falling-head infiltration measurements, VWC variability was lower 
among high-residue plots prior to tension infiltration measurements in both years, but VWC also 
differed among tillage-burn and tillage-irrigation treatment combinations in 2012 and 2015, 
respectively. In 2012, averaged across irrigation treatments, VWC in the NT-no-burn (0.45 cm3 
cm-3) was 8.6% greater (P < 0.01; Table 1) than VWC in the NT-burn (0.417 cm3 cm-3) treatment 
combination, while VWC in the CT-burn and CT-no-burn combinations were intermediate and 
did not differ (0.44 cm3 cm-3; Figure 2). The greater VWC associated with the NT-no-burn 
compared to the NT-burn combination is likely the result of the hydrophobic qualities of ash in 
addition to a lack of soil cover possibly increasing evaporation in the NT-burn treatment 
combination. In addition, in 2015, averaged across burn treatments, VWC in the CT-irrigated 
(0.24 cm3 cm-3) was 23.4% greater (P < 0.01; Table 1) than VWC in the NT-irrigated treatment 
combination (0.19 cm3 cm-3), while VWC in the CT- and NT-non-irrigated combinations were 
intermediate and did not differ (0.21 and 0.22 cm3 cm-3, respectively; Figure 2). Greater near-
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surface water-stable soil aggregation under CT than NT in this same field study (Smith et al., 
2014) may account for the increased VWC under CT conditions. In contrast to falling-head 
infiltration in the current study, initial VWC was affected (P < 0.05) by field treatment effects 
(Table 1), therefore VWC was not treated as a covariate to assess field treatments on mini-disk 
infiltration properties. 
 
Infiltration Measurements 
Falling-head Infiltration 
Overall Infiltration Rate 
Falling-head infiltration, as measured with the double-ring infiltrometer, accounts for 
vertical water flow into the soil through the soil matrix and macropores as a result of 
gravitational and matric potential gradients. After 11 and 14 years of consistent management in 
the WSDC system, the overall infiltration rate, calculated as the amount of water that infiltrated 
divided by the 20-minute measurement period or the time it took for all water in the double-ring 
infiltrometer to infiltrate, analyzed with VWC as a covariate and assessed at the 2015 mean 
VWC, was unaffected by residue burning, which rejected the original hypothesis that the overall 
infiltration rate would be greater under non-burning that residue burning. This result is similar to 
that reported by Undersander and Reiger (1985), in which residue burning did not affect 
infiltration in a 14-yr irrigated winter wheat study on a clay loam soil (fine, mixed, mesic 
Torrertic Paleustall) in north Texas. However, infiltration rate decreased by 50% under non-
burning than under residue burning in a 5- to > 30-yr heather (Calluna vulgaris) field study on a 
brown podzolic soil in northeastern Scotland (Mallik et al., 1984). In addition, fall burning of 
wheat residue for 70 years in a wheat-fallow system in Pendleton, OR, in a Walla Walla silt-
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loam (coarse-silty, mixed, superactive, mesic Typic Haploxeroll), resulted in lower C, N, water-
stable aggregates, and infiltration (Wuest et al., 2000). 
After 11 and 14 years of consistent management in the WSDC system, averaged across 
burning and tillage, the overall infiltration rate in the non-irrigated-high-residue combination in 
2012 (8.3 cm hr-1) was 2.7 times greater (P = 0.02; Table 2) than the combined average of all 
2015 irrigation-residue-level combinations, which did not differ and averaged 2.2 cm hr-1 (Figure 
3).  In a prior study on the same field plots, within the high-residue treatment, the total water 
stable aggregate (TWSA) concentration was 10% greater in the top 5 cm under dryland than 
under irrigated conditions and increased by 18% in the top 10 cm under high- compared to the 
low-residue treatment within the irrigation and NT combination after 10 years of consistent 
management (Smith et al., 2014), where greater TWSA at the soil surface would tend to promote 
infiltration capacity by reducing surface sealing. In contrast, Jacobs et al. (2015) did not report an 
irrigation-fertilizer treatment effect on overall infiltration rate, which averaged 4.7 cm hr-1 in a 4-
yr switchgrass (Panicum virgatum L.) monoculture in a Leadvale silt loam (Typic Fragiudult) in 
west-central Arkansas, despite greater aggregate stability under irrigated (0.93 g g-1) compared to 
non-irrigated (0.86 g g-1) water management in a poultry-litter fertilization treatment. 
After 11 and 14 years of consistent management in the WSDC system, averaged across 
burn and irrigation, the overall infiltration rate in the CT-high-residue combination in 2012 (15.4 
cm hr-1) was more than five times greater (P = 0.04; Table 3) than the combined average of all 
remaining tillage-residue-level-year combinations, which did not differ and averaged 2.55 cm hr-
1, with the exception of the overall infiltration rate from the NT-low-residue treatment 
combination in 2012, which was intermediate and did not differ (5.56 cm hr-1; Figure 3). These 
results reject the original hypothesis that expected the overall infiltration rate would be greater 
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under NT than CT management. The CT-high-residue treatment combination in 2012 likely 
resulted in an increased overall infiltration rate due to the combined effects of greater surface 
residue cover reducing surface sealing from the high-residue level treatment, the CT treatment 
loosening the near-surface soil (Blanco-Canqui, et al., 2017), and a greater proportion of macro-
porosity (Lipiec et al., 2006). The 2012 overall infiltration rate results support reports made by 
Blanco-Canqui et al. (2017) in a 35-yr-long, continuous corn (Zea mays) and soybean rotation 
study in an Aksarben silty clay loam (fine, smectitic, mesic Typic Argiudolls) and Wymore silty 
clay loam (fine, smectitic, mesic Aquertic Argiudolls) soil near Lincoln, NE, in which infiltration 
was greater under moldboard plow than NT.  In an 18-yr corn, spring barley (Hordeum vulgare 
L.), winter rape (Brassica napus L.), winter wheat, and fava bean (Vicia faba) crop rotation study 
on a silt loam (Eutric Fluvisol) in Poland, Lipiec et al. (2006) attributed a greater overall 
infiltration within CT to greater large flow-active porosity and reduced small flow-active 
porosity within CT compared to NT, which may account for the general increase in infiltration 
under CT within the irrigated combinations. However, the 2012 overall infiltration rate results in 
this study are in contrast to the greater infiltration rate observed under NT compared to CT 
reported by Dao (1993) in an 8-yr wheat study in a Bethany (Paschic Paleustoll) and a Renfrow 
(Udertic Paleustoll) silt loam near El Reno, OK and Stone and Schlegel (2010) in an 11-yr 
wheat-sorghum [Sorghum vulgare L.]-fallow rotation in a Richfield silt loam (Aridic Argiustolls) 
in Tribune, KS. Similarly, a 14-yr, consistently managed study in a Donnelly silt loam (Gray 
Luvisol) and 5-yr consistently managed study in a Donnelly sandy loam in Alberta, Canada 
reported greater pore structure resulting in greater hydraulic conductivity and infiltration rates 
under NT as opposed to soils under CT (Azooz and Arshad, 1996). In contrast, in the same field 
plots as the current study, after 10 years of consistent management and averaged across 
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irrigation, burn, and residue-level treatment, the TWSA concentration was greater under CT than 
NT, which may explain the greater overall infiltration under CT (Smith et al., 2014). However, 
the 2015 overall infiltration rate results support those of Baumhardt et al. (1993) and Unger 
(1992), in which infiltration rate was shown to be unaffected by tillage treatments in a 3-yr 
cotton [Gossypium arboretum L.] , sorghum, and wheat rotation study in an Olton (Aridic 
Paleustoll) and Pullman (Torrertic Paleustoll) clay loam and an Amarillo loamy fine sand(Aridic 
Paleustalf) in Lubbock, TX and a 2-yr sorghum and wheat rotation study in a Pullman clay loam 
soil in Bushland, TX, respectively, though these were much shorter-duration studies. 
 
Infiltration Rate over Time Relationship 
As would be expected, the relationship between infiltration rate and time followed an 
exponentially decreasing trend for most of the replicate measurements. To facilitate statistical 
evaluation of the effects of the field treatments on the relationship between infiltration rate and 
time, infiltration rates calculated between each time interval over the 20-minute measurement 
period were LN-transformed to linearize the relationship between infiltration rate and time. For 
both years of infiltration measurements, the r2 values characterizing the linear regression fit to the 
LN-transformed infiltration rates over time data ranged from < 0.1 to > 0.98. However, mean r2 
values were 0.63 and 0.58, while median r2 values were 0.66 and 0.64 in 2012 and 2015, 
respectively. These r2 values suggested that the resulting regression equations characterizing the 
relationship between the LN-transformed infiltration rates over time data were reasonably linear, 
such that the slopes and y-intercepts of the resulting linear regression equations could be useful 
parameters for statistical evaluation.  
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Based on analysis of covariance with VWC as the covariate, the slope parameter 
characterizing the linear relationship between the LN-transformed infiltration rate over time was 
negative and unaffected (P > 0.05) by any field treatment (i.e., residue level, tillage, burning, or 
irrigation) and did not change over time (i.e., 2012 to 2015; Table 2 and 3). The lack of any field 
treatment effects on the slope parameter indicated that the rate of change in infiltration rate over 
time was similar among all field treatment combinations, suggesting that perhaps 11 to 14 years 
of consistent management were not long enough to significantly alter infiltration-related, near-
surface soil hydraulic properties and/or VWC was too variable at the time infiltration 
measurements were conducted, effectively masking the ability to identify significant treatment 
effects. Similarly, Jacobs et al. (2015) reported the slope characterizing the relationship between 
the natural logarithm of the infiltration rate and the natural logarithm of measurement time did 
not differ between switchgrass cultivars, residue treatments, or their interaction. Mays et al. 
(2015) also reported a negative slope characterizing the relationship between the LN-transformed 
infiltration rate and time that did not differ among groundcover management systems in an 
organic apple orchard on Pickwick silt loam (fine-silty, mixed semiactive, thermic Paleudult) in 
northwest AR. 
In contrast to the slope parameter, the y-intercept parameter represents the cumulative 
long-term effects of treatments on initial water entry influenced by OM content, antecedent 
moisture condition, and soil physical and chemical properties prior to water infiltrating. 
Averaged across tillage and burning treatments, the y-intercept parameter characterizing the 
linear relationship between the LN-transformed infiltration rate over time differed (P < 0.01) 
among irrigation-residue-level treatment combinations between years (Table 2). The y-intercept 
parameter was 113 and 82% greater in the 2012 irrigated-low- (2.84) and non-irrigated-high-
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residue (2.42) and 47 and 41% greater in the 2015 irrigated-high- (1.96) and non-irrigated-low-
residue (1.87) treatment combinations compared to the 2015 irrigated-low- and non-irrigated-
high-residue treatment combinations, which did not differ and averaged 1.33 (Table 4). 
However, averaged across irrigation treatment, the y-intercept parameter was unaffected (P > 
0.05) by residue-level, tillage, or burning between years (Table 3). The small y-intercept 
parameters for the irrigated-low and non-irrigated-high-residue treatment combinations in 2015 
indicate relatively slow initial infiltration rates compared to that for the irrigated-low and non-
irrigated-high-residue combination in 2012 (Table 4). Despite VWCs being higher in 2015 
compared to 2012, these results suggest that the hydraulic conductivity as it relates to the soil 
surface under these two treatment combinations in 2015 was less influential than pore space for 
water infiltration, which as likely higher in the non-irrigated-high-residue combination in 2012 
due to the lower VWC promoting greater initial infiltration rates.  
From 2012 to 2015, the y-intercept parameter decreased (P < 0.01) by and 52.1 and 
46.3% in the the irrigated-low- and non-irrigated-high-residue treatment combinations, 
respectively. This result indicates that the initial infiltration capacity and hydraulic conductivity 
for the non-irrigated-high-residue treatment combination declined, despite accounting for the 
reduced VWC in 2015 compared to 2012 as VWC was used as a covariate in the statistical 
analysis. The combination of dryland soybean production following optimally N fertilized wheat 
may not have promoted sufficient surface porosity and/or aggregation from extended dry-soil 
conditions. In contrast to the irrigated-low and non-irrigated-high-residue treatment combination, 
the y-intercept parameter did not change between 2012 and 2015 for any other field treatment 
combination. In 2015, the greater initial infiltration rate, as indicated by the large y-intercept, 
within the irrigation treatment the high- was 144% greater (P < 0.01; Table 2) than the low-
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residue treatment, though within the non-irrigated treatment the high- was 30.5% less than the 
low-residue treatment (Table 4). Jacobs et al. (2015) reported a greater y-intercept parameter 
partially characterizing the linear relationship between the LN-transformed infiltration rate over 
the LN-transformed time after one switchgrass harvest per season compared to two in two of 
four fertilizer-source/cultivar combinations, indicating a reduction initial infiltration with the 
removal of plant residue. However, a review of the literature identified no studies that have 
evaluated potential changes in falling-head infiltration or infiltration-related properties over time 
after more than 10 years of consistent management in a WSDC system in the LMRD region.  
 
Tension Infiltration 
Overall Infiltration Rate 
 Controlled infiltration under a fixed tension, as measured with a tension infiltrometer, 
restricts vertical water flow into the soil through micropores in the soil matrix, excluding 
macropore flow, in response to matric potential gradients. In 2012, after 11 years of consistent 
management in a WSDC system, averaged across tillage, residue-level, and irrigation treatments, 
the overall infiltration rate measured at a tension of -2 cm in the no-burn (16.1 cm hr-1) was 2.1 
times greater (P < 0.01; Table 1) than in the burn treatment (5.3 cm hr-1). This difference may 
have been due to the hydrophobic properties of ash reducing matrix infiltration. Jacobs et al. 
(2015) also did not report a difference in mini-disk infiltration rate at a tension of -2 cm for 
irrigation and fertilizer-source treatments in a 4-yr switchgrass monoculture field study on a silt 
loam in west-central Arkansas. In contrast to 2012, in 2015, after 14 years of consistent 
management in a WSDC system, overall infiltration rate measured at a tension of -2 cm was 
unaffected (P > 0.05) by any field treatment (Table 1). Blanco-Canqui et al. (2017) also reported 
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no differences in cumulative infiltration among tillage treatments after 35 years of consistent 
management under continuous corn in a silt loam using a tension infiltrometer at -1 kPa pressure 
head. Since neither residue-level, tillage, or irrigation treatments affected overall tension 
infiltration in 2012 and after three additional years of consistent management in 2015, results 
suggested that the field treatments, with the exception of residue burning in 2012, had little 
impact on overall tension infiltration through the soil matrix compared to macropore infiltration 
measured with the double-ring infiltrometer, which was affected by residue-level, tillage, and 
irrigation treatments across both years. 
 
Infiltration Rate over Time Relationship 
Similar to double-ring infiltration, the relationship between the tension infiltration rate 
and time followed an exponentially decreasing trend for most of the replicate measurements. To 
facilitate statistical evaluation of the effects of the field treatments on the relationship between 
tension infiltration rate and time, tension infiltration rates calculated between each time interval 
over the 20-minute measurement period were LN-transformed to linearize the relationship 
between tension infiltration rate and time. For both years of tension infiltration measurements, 
the r2 values characterizing the linear regression fit to the LN-transformed tension infiltration 
rates over time data ranged from < 0.1 to > 0.87. Mean r2 values were 0.41 and 0.33, while 
median r2 values were 0.36 and 0.33 in 2012 and 2015, respectively, which were lower than 
those for the double-ring infiltration data, meaning the linear fits for the tension infiltration data 
were a little poorer than for the double-ring infiltration data. However, for consistency with the 
analysis of the double-ring infiltration data, these r2 values were assumed sufficient for using the 
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slope and y-intercept parameters from the resulting regression equations to characterize the 
relationship between the LN-transformed tension infiltration rates over time.  
 The relationship of infiltration rate over time followed an expected pattern in 2015, as the 
tension infiltration rate generally started high and exponentially decreased over the 20-minute 
measurement period. However, in 2012, several replicate infiltration measurements had 
relationships between tension infiltration rate and time that increased over time, which may have 
occurred to an increase in hydraulic conductivity over time as the soil matrix was wetted with 
infiltrating water. In 2012, no treatment effects occurred on the slope parameter partially 
characterizing the linearized relationship between the LN-transformed tension infiltration rate 
and time and averaged 1.00 across the entire study area. In 2015, ANOVA showed that the slope 
parameter partially characterizing the linearized relationship between the LN-transformed 
tension infiltration rate and time differed among tillage-irrigation treatment combinations (P = 
0.03; Table 1). However, the means separation procedure used was unable to identify specific 
differences among the tillage-irrigation treatment combinations. The positive 2012 slope 
averaged across the entire study area was similar to the positive slope observed in the double-
harvest/poultry-litter treatment combination in a silt-loam soil after four years of consistent 
switchgrass management in west-central Arkansas (Jacobs et al., 2015). The disparity in slope 
directions from 2012 and 2015 between the falling-head and tension infiltration results may have 
occurred from differential VWC, as mini-disk infiltration measures vertical as well as horizontal 
infiltration (i.e., three-dimensional infiltration) into unsaturated soil compared to double-ring 
infiltration, which measures vertical (i.e., one-dimensional infiltration) into wetting soil over 
time. These measurement differences, along with tension infiltration only measuring infiltration 
into the soil matrix to the exclusion of large macropores, would likely have resulted in a greater 
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effect of capillary forces, which would have been greater with the lower initial VWC in the top 6 
cm in 2015. 
In contrast to the 2012 slope parameter, the y-intercept parameter partially characterizing 
the linearized relationship between the LN-transformed tension infiltration rate and time, 
averaged over irrigation treatments, was 55 and 45% lower (P = 0.04; Table 1) in the NT-burn 
(1.12) compared to the NT-no-burn (2.50) and CT-no-burn (2.04) combination, respectively, 
while the y-intercept parameter in the CT-burn combination was intermediate and did not differ 
(1.87; Table 5). The low y-intercept parameter in the NT-burn indicated that the initial tension 
infiltration rate was lower than that for the no-burn treatment combinations, suggesting that the 
accumulation of hydrophobic ash near the soil surface from years of annual burning may have 
reduced soil matrix infiltration capacity and hydraulic conductivity compared to the no-burn 
treatments. In contrast to 2012 tension infiltration, the y-intercept parameter in 2015 was 
unaffected (P > 0.05) by any field treatments (Table 1). 
 
Soil Surface Properties and Correlations among Infiltration-related Properties 
 Following 11 years of consistent management in the WSDC system, bulk density in 2012 
did not differ among field treatment and averaged 1.28 g cm-3 across the whole study area. In 
comparison, following 14 years of consistent management in the WSDC system, bulk density in 
2015, averaged across burn, residue-level, and irrigation treatments, was 4% greater (P < 0.01; 
Table 6) under CT compared to NT (1.31 and 1.26 g cm-3, respectively) and, averaged across 
tillage, residue-level, and irrigation treatments, was 4% greater (P < 0.04; Table 6) under residue 
burning compared to non-burning (1.31 and 1.26 g cm-3, respectively). In addition, averaged 
across burn and irrigation treatments, the SOM concentration in the top 10 cm in 2015 was 7% 
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greater (P < 0.01; Table 6) in the NT-high- compared to the CT-high-residue combination (2.42 
and 2.26%, respectively), while SOM concentration in the CT- and NT-low-residue 
combinations were intermediate and did not differ (Figure 4). Despite greater near-surface SOM 
under the NT-high-residue combination, a tillage-residue-level interaction was not observed 
within either falling-head or tension infiltration measurements. 
 Correlation analyses among near-surface soil and infiltration-related properties  resulted 
in significant correlations between 2015 bulk density and 2015 overall infiltration in addition to 
the 2015 y-intercept parameter partially characterizing the linear relationship between the LN-
transformed infiltration rate and time from the double-ring infiltration data. Bulk density in the 
top 10 cm in 2015 was weakly and negatively correlated with the overall falling-head infiltration 
rate (r = -0.41) and y-intercept (r = -0.30) indicating a decrease in bulk density, hence increased 
porosity, is associated with a greater overall infiltration rate and y-intercept parameter partially 
characterizing the linear relationship between the LN-transformed overall infiltration rate and 
time, which translates into a large initial infiltration rate (Table 7). In addition, correlation 
analyses demonstrated a weak negative correlation between 2015 SOM concentration and the 
2015 overall tension infiltration rate (r = -0.41) and the slope parameter partially characterizing 
the linear relationship between the LN-transformed tension infiltration rate and time (r = -0.37) 
indicating that as SOM concentration in the top 10 cm increased, overall tension infiltration rate 
and the slope parameter partially characterizing the linear relationship between the LN-
transformed tension infiltration rate and time decreased (Table 7). This correlation result is 
plausible as greater SOM would tend to increase macro- rather than micro-porosity, such that 
infiltration into the soil matrix would consequently be reduced.  
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Summary and Conclusions 
 After 11 and 14 years of consistent management in a WSDC production system on a silt 
loam soil in the LMRD region of eastern Arkansas, field treatments, including wheat-residue 
level, residue burning, tillage, and irrigation, significantly affected both falling-head and tension 
infiltration-related hydraulic properties. The high-residue level treatment, achieved with 
differential N fertilization to presumably increase both above- and below-ground biomass, 
increased overall falling-head infiltration within both the CT and non-irrigated treatments 
compared to NT, irrigated, and low-residue-tillage and low-residue-irrigation combinations. The 
non-irrigated-high-residue combination resulted in greater overall falling-head infiltration at high 
VWC observed in 2012 compared to all irrigation-residue-level treatment combinations in 2015. 
The combination of a high-residue level with irrigation in addition to NT with low-residue level 
in a WSDC system appear to be beneficial sets of agronomic management practices that promote 
increased infiltration. These two treatment combinations increase infiltration and are beneficial 
alternative management practices that preserve soil health, reduce nutrient pollution from runoff, 
and indirectly decrease aquifer depletion by increasing soil-water. A history of annual wheat 
residue burning reduced overall tension infiltration rate, suggesting that near-surface ash 
accumulation can have a negative long-term effect on matrix infiltration, hence likely reduced 
groundwater recharge capacity under annual wheat residue burning. Consequently, refraining 
from residue burning appears to be a more favorable to increase infiltration and potential 
groundwater recharge in the LMRD region of eastern Arkansas. Furthermore, the y-intercept 
partially characterizing the linear relationship between the LN-transformed overall infiltration 
rate and time for the falling-head infiltration data in the non-irrigated-high-residue treatment 
combination was shown to significantly decrease in only three years after 11 years of consistent 
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management indicating that changes in near-surface soil hydraulic properties can still occur even 
after a decade or more of consistent management. 
Other than NT, alternative residue management practices of non-residue burning and a 
high wheat-residue level from optimal N fertilization tended to increase surface infiltration, 
hence increasing groundwater recharge potential and future sustainability. Implementing 
alternative residue management practices that increase infiltration can lead to greater water 
storage, potentially decreasing the dependence on shallow aquifers, thus indirectly reducing 
groundwater depletion. Greater infiltration can also increase crop growth by increasing the 
amount and duration of plant available water in the soil profile in addition to reducing 
nutrient/topsoil loss by erosion.  
 More information on the long-term effects of conventional and alternative management 
practices on infiltration-related properties associated with the WSDC production system as well 
as other common cropping systems in the LMRD region of eastern Arkansas is needed in order 
to avoid depletion of surface- and groundwater. Differences in near-surface hydraulic properties 
due to various residue and water management practices could vary throughout the wheat and/or 
soybean growing seasons and, thus, require further research to identify management practices 
that promote infiltration and potential groundwater recharge and reduce soil erosion losses. 
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Table 1. Analysis of variance summary of the effects of burning, tillage, irrigation, and their 
interactions on volumetric water content (VWC), mini-disk overall infiltration rate, and the slope 
and y-intercept parameters characterizing the linear relationship between the natural-logarithm-
transformed infiltration rates over time following 11 (2012) and 14 (2015) years of consistent 
management in a what-soybean, double crop production system at the University of Arkansas’ 
Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil. Significant (P < 0.05) 
effects are bolded. 
 
Source of 
Variation 
2012 2015 
VWC 
Overall 
Infiltration Slope y-intercept VWC 
Overall 
Infiltration Slope y-intercept 
 
_________________________________________________ P ______________________________________________ 
Tillage (T)† 0.63 0.14 0.55 0.61 0.02 0.87 0.61 0.23 
Burn (B) 0.11 < 0.01 0.47 < 0.01 0.41 0.54 0.87 0.43 
   T x B < 0.01 0.31 0.57 0.04 0.22 0.32 0.10 0.93 
         
Tillage† 0.59 0.06 0.92 0.92 0.13 0.87 0.33 0.25 
Irrigation (I) 0.42 0.94 0.47 0.97 0.94 0.52 0.68 0.27 
   T x I 1.00 0.14 0.87 0.11 < 0.01 0.45 0.03 0.08 
† Two sets of two-factor analyses of variance were conducted because the blocking structure for 
the burn and irrigation treatments necessarily coincided with one another. 
  
199 
 
Table 2. Analysis of variance summary of the effects of tillage, residue-level, irrigation, year and 
their interactions on double-ring overall infiltration rate and the slope and y-intercept parameters 
characterizing the linear relationship between the natural-logarithm-transformed infiltration rates 
over time, adjusted to the 2015 mean volumetric water content, following 11 and 14 years of 
consistent management in a what-soybean, double crop production system at the University of 
Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil. Significant 
(P < 0.05) effects are bolded. 
 
Source of Variation Overall Infiltration Rate Slope y-intercept 
 __________________________ P __________________________ 
Tillage (T) † 0.11 0.55 0.31 
Residue Level (RL) 0.82 0.67 0.20 
Irrigation (I) 0.57 0.61 0.92 
Year (Y) 0.51 0.11 0.04 
   T x RL 0.92 0.76 0.59 
   T x I 0.07 0.45 0.23 
   I x RL 0.34 0.66 0.59 
   T x Y 0.65 0.4 0.84 
   RL x Y 0.07 0.65 0.62 
   I x Y 0.46 0.66 0.77 
     T x I x RL 0.29 0.54 0.17 
     T x RL x Y 0.05 0.62 0.62 
     T x I x Y 0.15 0.88 0.07 
     I x RL x Y 0.02 0.86 < 0.01 
        T x I x RL x Y 0.20 0.35 0.12 
† Separate four-factor analyses of variance were conducted because the blocking structure for the 
burn and irrigation treatments necessarily coincided with one another. 
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Table 3. Analysis of variance summary of the effects of tillage, residue-level, burn, year and 
their interactions on double-ring overall infiltration rate and the slope and y-intercept parameters 
characterizing the linear relationship between the natural-logarithm-transformed infiltration rates 
over time, adjusted to the 2015 mean volumetric water content, following 11 and 14 years of 
consistent management in a what-soybean, double crop production system at the University of 
Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil. Significant 
(P < 0.05) effects are bolded. 
 
Source of Variation Overall Infiltration Rate Slope y-intercept 
 __________________________ P __________________________ 
Tillage (T)† 0.02 0.62 0.68 
Residue Level (RL) 0.19 0.66 0.93 
Burn (B) 0.05 0.94 0.77 
Year (Y) 0.61 0.21 0.24 
   T x RL 0.28 0.85 0.78 
   T x B 0.01 0.91 0.23 
   B x RL 0.22 0.93 0.91 
   T x Y 0.14 0.74 0.37 
   RL x Y 0.36 0.94 0.58 
   B x Y 1.00 0.74 0.89 
     T x B x RL 0.13 0.97 0.76 
     T x RL x Y 0.04 0.58 0.73 
     T x B x Y 0.33 0.59 0.76 
     B x RL x Y 0.24 0.62 0.21 
        T x B x RL x Y 0.68 0.39 0.57 
† Separate four-factor analyses of variance were conducted because the blocking structure for the 
burn and irrigation treatments necessarily coincided with one another. 
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Table 4. Summary of the effects of irrigation, residue-level, year, and their interactions, 
averaged over burn and tillage treatments, on falling-head slope and y-intercept parameters 
characterizing the linear relationship between the natural-logarithm-transformed infiltration rates 
over time following 11 (2012) and 14 (2015) years of consistent management in a wheat-
soybean, double crop production system at the University of Arkansas’ Lon Mann Cotton 
Research Station near Marianna, AR on a silt-loam soil. Significant (P ≤ 0.05) effects are bolded 
with different letters following mean values within a column denoting a significant differences 
among treatment combinations. 
 
Treatment 
Combination† 
Falling-head Infiltration Regression 
Properties 
Slope y-intercept 
IR-H-2012 -3.45 1.74ab 
IR-L-2012 -0.56 2.84a 
NI-H-2012 -1.07 2.42a 
NI-L-2012 -3.38 1.81ab 
IR-H-2015 -6.16 1.96a 
IR-L-2015 -2.14 1.36b 
NI-H-2015 -2.76 1.30b 
NI-L-2015 -5.47 1.87a 
† Treatment abbreviations are as follows: irrigated (IR), non-irrigated (NI), high- (H) and low-
residue (L). 
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Table 5. Summary of the effects of burning, tillage, and their interactions, averaged over 
irrigation and residue-level treatments, on the slope and y-intercept parameters characterizing the 
linear relationship between the natural-logarithm-transformed tension infiltration rates over time 
following 11 (2012) and 14 (2015) years of consistent management in a wheat-soybean, double 
crop production system at the University of Arkansas’ Lon Mann Cotton Research Station near 
Marianna, AR on a silt-loam soil. Significant (P ≤ 0.05) effects are bolded with different letters 
following mean values within a column denoting a significant difference among treatment 
combinations. 
 
Treatment 
Combination† 
Tension Infiltration Regression Properties 
2012 2015 
Slope y-intercept Slope y-intercept 
CT-B 1.05 1.87ab -2.08 2.42 
CT-NB 0.77 2.04a -1.11 2.70 
NT-B 0.45 1.12b -1.78 2.65 
NT-NB 1.74 2.50a -2.43 2.95 
† Treatment abbreviations are as follows: conventional-tillage (CT), no-tillage (NT), burn (B), 
and no-burn (NB). 
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Table 6. Analysis of variance summary of the effects of tillage, residue-level, irrigation, and 
their interactions on 2012 and 2015 mid-soybean-season bulk density (BD) and 2015 0-10 cm 
soil organic matter (SOM) concentration following 11 or 14 years of consistent management in a 
what-soybean, double crop production system at the University of Arkansas’ Lon Mann Cotton 
Research Station near Marianna, AR on a silt-loam soil. Significant (P < 0.05) effects are bolded. 
 
Source of Variation 2012 BD 2015 BD 2015 SOM 
 ______________________________P________________________________ 
Tillage (T)† 0.08 < 0.01 0.32 
Residue Level (RL) 0.70 0.90 0.19 
Burn (B) 0.14 0.04 0.60 
   T x RL 0.12 0.24 0.13 
   T x B 0.34 0.02 0.60 
   B x RL 0.42 0.96 0.95 
     T x B x RL 0.53 0.27 0.09 
    
Tillage† 0.07 < 0.01 0.33 
Residue Level 0.70 0.91 0.45 
Irrigation (I) 0.80 0.67 0.35 
   T x RL 0.11 0.14 0.01 
   T x I 0.08 0.37 0.83 
   I x RL 0.51 0.16 0.36 
     T x I x RL 0.32 0.21 0.09 
† Two sets of three-factor analyses of variance were conducted because the blocking structure for 
the burn and irrigation treatments necessarily coincided with one another. 
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Table 7. Summary of correlation coefficients (r) among measured bulk density (BD) in 2012 and 
2015 and 2015 soil organic matter (SOM) concentration and infiltration-related properties, 
including volumetric water content (VWC), overall infiltration rate, and the slope and y-intercept 
parameters characterizing the natural-logarithm-transformed infiltration rate and time data from 
falling-head and tension infiltration measurements after 11 (2012) and 14 (2015) years of 
consistent management in a wheat-soybean, double crop production system at the University of 
Arkansas’ Lon Mann Cotton Research Station near Marianna, AR on a silt-loam soil.  
Infiltration-related Parameter BD† SOM 
Falling-head infiltration data ___________ r ___________ 
     2012   
          VWC -0.09 - 
          Overall infiltration -0.11 - 
          Slope -0.04 - 
          y-intercept 0.06 - 
     2015   
          VWC 0.07 -0.04 
          Overall infiltration -0.41** -0.11 
          Slope 0.02 0.11 
          y-intercept -0.30* -0.10 
   
Tension infiltration data   
     2012   
          VWC -0.28 - 
          Overall infiltration -0.05 - 
          Slope 0.13 - 
          y-intercept -0.09 - 
     2015   
          VWC 0.14 -0.06 
          Overall infiltration -0.06 -0.41** 
          Slope -0.10 -0.37* 
          y-intercept -0.01 -0.23 
† The 2012 infiltration-related parameters were compared to the 2012 BD data, while the 2015 
infiltration-related parameters were compared to the 2015 BD data. 
* Significant (P ≤ 0.05) correlation between variables.  
** Significant (P ≤ 0.01) correlation between variables 
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Figure 1. Schematic diagram of the study area and experimental treatment structure at the Lon 
Mann Cotton Research Station near Marianna, AR. Irrigated, dryland, burn, no burn, 
conventional tillage (CT), and no-tillage (NT) treatment blocks, as well as the randomized high 
(H) and low (L) residue level treatments are presented. The study area consists of 48, 3- by 6-m 
individual plots. 
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Figure 2. Tillage [conventional-tillage (CT) and no-tillage (NT)], irrigation [irrigated (IR) and 
non-irrigated (NI)] and burn [burn (B) and no-burn (NB)] treatment effects on 2012 and 2015 
soil volumetric water content (VWC) prior to tension infiltration measurements in November 
2015 following nearly 14 years of consistent management in a wheat-soybean, double-crop 
system near Marianna, AR. Different letters atop bars within a panel denote significant 
differences between treatment combinations. 
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Figure 3. Tillage [conventional-tillage (CT) and no-tillage (NT)], irrigation [irrigated (IR) and 
non-irrigated (NI)] and residue-level [high- (H) and low-residue (L)] treatment effects on 2012 
and 2015 overall infiltration rate from falling-head infiltration measurements in November 2015 
following nearly 14 years of consistent management in a wheat-soybean, double-crop system 
near Marianna, AR. Different letters atop bars within a panel denote significant differences 
between treatment combinations. 
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Figure 4. Tillage [conventional-tillage (CT) and no-tillage (NT)] and residue-level [high- (H) 
and low-residue (L)] treatment effects on 2015 soil organic matter (SOM) concentration in 
November 2015 following nearly 14 years of consistent management in a wheat-soybean, 
double-crop system near Marianna, AR. Different letters atop bars within a panel denote 
significant differences between treatment combinations. 
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Summary and Overall Conclusions 
Following 11 and nearly 14 years of consistent management in a wheat-soybean, double-
crop production system on a silt-loam soil in the Lower Mississippi River Delta region of eastern 
Arkansas, wheat-residue-level, residue-burning, tillage, irrigation, and their combinations 
resulted in many differences in soil aggregate and particulate organic matter-related soil 
aggregate properties in the top 10-cm and infiltration-related hydraulic properties. Several 
similar treatment interactions and main effects were observed across soil and hydraulic 
properties. 
Residue-level resulted in several interactions with the burn treatment. The burn-low-
residue combination decreased the aggregated soil fraction compared to the other three burn-
residue-level combinations, though the coarse silt-clay-associated C content was greatest under 
the no-burn-high- compared to the no-burn-low-residue combination, while the burn-low- and 
high-residue combinations were intermediate and did not differ. Comparatively, the fine silt-clay 
C content and coarse and fine silt-clay N contents did not differ among burn-residue-level 
combinations. The high-residue-burn interaction resulted in a complete burn of aboveground 
residue resulting in a cumulative reduction in non-aggregated coarse C content, compared to the 
other residue-level-burn combinations. Though not a treatment interaction with residue-level, in 
2012, averaged across tillage, residue-level, and irrigation, the overall tension infiltration rate 
under the no-burn was 2.1 times greater than under the burn treatment, indicating a reduction in 
soil matrix infiltration that could be due to the hydrophobic properties of ash, though no 
treatment effects were observed in 2015. Furthermore, the reduction in coarse silt-clay-
associated C content due to the burn treatment may have contributed to reduced soil matrix 
infiltration. 
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Residue-level resulted in several interactions with the irrigation treatment. The 
aggregated soil fraction was greater in the irrigation-high- than the irrigation-low-residue 
combination likely due to increased slaking of unstable aggregates, coupled with an increase in 
microbial activity, reducing the opportunity for residue incorporation into aggregates, while the 
non-irrigated-high- and low-residue combinations were intermediate and did not differ. In 
support of this result, coarse total POM N content and coarse LF C and N contents were greater 
under the irrigated-low-residue combination compared to all the remaining irrigation-residue-
level combinations, though the fine total POM and LF C and N contents as well as coarse total 
POM C content were unaffected by irrigation or residue-level treatments. These results suggest C 
and N content retention within coarse POM and LF fractions is maximized due to greater residue 
inputs and reduced microbial activity within the irrigated-low-residue combination, despite a 
reduction in the aggregated fraction. However, the overall falling-head infiltration rate, 
measuring saturated vertical water intrusion, in the non-irrigated-high-residue combination in 
2012 was 2.7 times greater than the combined average of all 2015 irrigation-residue-level 
combinations, which did not differ. This is contrary to what would be expected, as aggregation 
and C and N contents were at least numerically lower within the non-irrigated-residue-level 
combinations.  
Residue-level resulted in several interactions with the tillage treatments. The NT-high- 
and low- compared to the CT-high- and low-residue combinations had substantially lower 
macro-aggregate and greater micro-aggregate fractions, total fine C content, and silt-clay C 
content, potentially indicating an increase in micro-aggregate-stabilized labile C after nearly 14 
years of consistent management and conversion from mono-cropped, CT soybean production. 
This suggests CT increases macro-aggregation, but reduces micro-aggregation by increasing the 
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aggregate turn-over rate. Comparatively, the NT-high-residue combination had the greatest 
micro-aggregate fraction, likely due to reduced microbial degradation, increased residue input, 
and less soil disturbance. Adjusted for differences in volumetric water content and averaged for 
burn and irrigation, the falling-head overall infiltration rate was more than five times greater in 
the CT-high-residue combination in 2012 compared to the average of all remaining tillage-
residue-level-year combinations, with the exception of the 2012 NT-low-residue combination 
which was intermediate and did not differ. The greater overall falling-head infiltration rates in 
2012 CT-residue-level combination may have occurred, in part, due to the generally greater 
macro-aggregated soil within the CT-high-residue treatments resulting in a higher proportion of 
large pores compared to an adverse relationship with micro-aggregate fractions and C and N 
contents.  
Overall, results from this study indicated a multitude of differences in how common and 
alternative residue and water management practices affect soil aggregate fractions and their 
associated POM-related and microbial biomass properties in the top 10 cm, in addition to 
infiltration, in a long-term WSDC production system on a silt-loam soil in the LMRD region of 
eastern Arkansas. Specifically, the long-term effects of not burning wheat-residue in a WSDC 
generally increased aggregated soil, POM fraction C and N contents in the top 10-cm and matric 
infiltration compared. In addition, the long-term effects of wheat-residue fertilization, NT, and 
soybean irrigation in a WSDC generally increased aggregated soil, POM fraction C and N 
contents in the top 10-cm and infiltration. Results also showed significant variations in 
aggregate-associated labile C and N as affected by residue and water management practices that 
would otherwise have not been realized from whole-soil C and N analyses. The combination of a 
high-residue level with irrigation in addition to NT with low-residue level in a WSDC system 
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appear to be beneficial sets of agronomic management practices that promote increased 
infiltration. In effect, alternative management practices, through improved infiltration, can be 
implemented to better sustain natural resources. An increase in infiltration can lead to greater 
water storage, decreasing the dependence on alluvial aquifers, thus indirectly reducing 
groundwater depletion. 
Though this study reported on cumulative effects of various traditional and alternative 
residue and water management practices after 11 and 14 years of consistent management, further 
variability in aggregate POM, POM-fraction-associated C and N, and infiltration may become 
more distinguishable after additional years of consistent management. This study quantified how 
the effects of different, common agronomic management practices and the influence of microbial 
biomass can contribute to the distribution of soil aggregates and aggregate POM and POM-
fraction-associated C and N storage. Furthermore, this study demonstrated that certain 
agronomic management practice combinations, such as NT, no-burn, high-residue level, and 
irrigation, can improve soil aggregation in a highly erodible, loess-derived soil. In addition, this 
study demonstrated that certain mangagement practice combinations protect soil C to perhaps 
reduce gaseous losses of C as CO2 via soil respiration under aerobic soil conditions as would 
occur most often even under irrigated soybean production in a WSDC system. Reductions in 
CO2 emissions from agriculturally managed soils can partially attenuate rising greenhouse gas 
concentrations in the atmosphere, thereby potentially mitigating the negative effects of climate 
change. Additionally, greater infiltration can also increase crop growth by increasing the amount 
and duration of plant available water into the soil profile in addition to reducing nutrient/topsoil 
loss by erosion.  
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Appendices 
Appendix A. Example SAS program using ‘soilBD’ in model statement used to analyze the data 
in Appendix C for residue-level, burn, and tillage treatment effects in a three-factor ANOVA for 
a strip-split model. 
 
title 'Johan Desrochers: ANOVA for strip-split analyses’; 
data SoilProp; 
 infile 'SoilProp.csv' firstobs = 2 delimiter = ","; 
 input plot tblock bblock till $ brn $ fert $ soilBD; 
 label plot = 'Plot number' 
  tblock = 'Tillage block' 
  bblock = 'brn block' 
  till = 'Tillage' 
  brn = 'burning' 
  fert = 'Residue level' 
  soilBD = 'Soil Bulk Density' 
run; 
 
proc sort data = SoilProp; by tblock bblock till plot ; 
quit; 
 
proc mixed data = SoilProp method = type3; 
 class tblock bblock till brn fert ; 
 model soilBD =  
  till 
  fert 
  brn 
  till*fert 
  till*brn 
  fert*brn 
  till*fert*brn / ddfm=kenwardroger 
; 
 
random tblock tblock*till bblock bblock*brn tblock*bblock*till*brn 
    tblock*bblock*fert tblock*bblock*till*fert tblock*bblock*brn*fert ; 
 
lsmeans till / diff ; 
lsmeans fert / diff ; 
lsmeans brn / diff ; 
lsmeans till*fert / diff ; 
lsmeans till*brn / diff ; 
lsmeans fert*brn / diff ; 
lsmeans till*fert*brn / diff ; 
 
quit; 
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Appendix B. Example SAS program using ‘soilBD’ in model statement used to analyze the data 
in Appendix C for residue-level, tillage, and irrigation treatment effects in a three-factor 
ANOVA for a strip-split model. 
 
title 'Johan Desrochers: ANOVA for strip-split analyses’; 
data SoilProp; 
 infile 'SoilProp.csv' firstobs = 2 delimiter = ","; 
 input plot tblock iblock till $ irrig $ fert $ soilBD; 
 label plot = 'Plot number' 
  tblock = 'Tillage block' 
  iblock = 'Irrig block' 
  till = 'Tillage' 
  irrig = 'Irrigation' 
  fert = 'Residue level' 
  soilBD = 'Soil Bulk Density’ 
run; 
 
proc sort data = SoilProp; by tblock iblock till plot ; 
quit; 
 
proc mixed data = SoilProp method=type3 ; 
 class tblock iblock till irrig fert ; 
 model soilBD =  
  till 
  fert 
  irrig 
  till*fert 
  till*irrig 
  fert*irrig 
  till*fert*irrig / ddfm=kenwardroger 
; 
 
random tblock tblock*till iblock iblock*irrig tblock*iblock*till*irrig 
    tblock*iblock*fert tblock*iblock*till*fert tblock*iblock*irrig*fert ; 
 
lsmeans till / diff ; 
lsmeans fert / diff ; 
lsmeans irrig / diff ; 
lsmeans till*fert / diff ; 
lsmeans till*irrig / diff ; 
lsmeans fert*irrig / diff ; 
lsmeans till*fert*irrig / diff ; 
 
quit; 
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Appendix C-A. Raw data of pH, electrical conductivity (EC µmhos cm-1), total nitrogen (TotN; 
%), total carbon (TotC %) and loss on ignition (LOI %) soil organic matter that was inserted into 
the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn irrig fert pH EC TotN TotC LOI 
1 1 1 1 CT NB IR H 7.25 94 0.17 1.38 2.48 
2 1 1 1 NT NB IR L 7.15 91 0.18 1.47 2.81 
3 2 1 1 NT NB IR H 7.18 104 0.19 1.53 2.88 
4 2 1 1 CT NB IR L 7.30 79 0.15 1.08 2.15 
5 3 1 1 NT NB IR L 7.35 75 0.17 1.11 2.27 
6 3 1 1 CT NB IR H 7.22 92 0.17 1.32 2.73 
7 1 1 1 CT NB IR L 7.15 84 0.17 1.32 2.42 
8 1 1 1 NT NB IR H 7.01 70 0.17 1.14 2.22 
9 2 1 1 NT NB IR L 6.94 97 0.18 1.49 2.65 
10 2 1 1 CT NB IR H 7.02 116 0.19 1.51 2.76 
11 3 1 1 NT NB IR H 7.20 85 0.17 1.26 2.36 
12 3 1 1 CT NB IR L 7.14 83 0.15 1.06 2.35 
13 1 1 2 CT B IR L 6.95 92 0.16 1.23 2.46 
14 1 1 2 NT B IR L 6.96 76 0.15 0.97 1.94 
15 2 1 2 NT B IR H 6.88 90 0.16 1.03 1.90 
16 2 1 2 CT B IR L 6.96 101 0.16 1.26 2.38 
17 3 1 2 NT B IR H 7.00 97 0.18 1.14 2.33 
18 3 1 2 CT B IR L 7.32 83 0.16 1.13 2.38 
19 1 1 2 CT B IR H 7.06 84 0.17 1.32 2.63 
20 1 1 2 NT B IR H 7.00 75 0.15 1.06 2.11 
21 2 1 2 NT B IR L 7.04 93 0.17 1.20 2.37 
22 2 1 2 CT B IR H 6.95 100 0.17 1.33 2.56 
23 3 1 2 NT B IR L 7.05 95 0.17 1.27 2.52 
24 3 1 2 CT B IR H 7.02 94 0.16 1.18 2.50 
25 1 2 1 CT B NI H 6.71 78 0.18 1.38 2.63 
26 1 2 1 NT B NI H 5.75 82 0.16 1.25 2.41 
27 2 2 1 NT B NI H 5.45 92 0.14 0.87 1.79 
28 2 2 1 CT B NI L 6.12 57 0.15 1.04 2.03 
29 3 2 1 NT B NI H 6.18 63 0.17 1.30 2.56 
30 3 2 1 CT B NI L 6.44 63 0.14 0.99 2.17 
31 1 2 1 CT B NI L 6.23 80 0.16 1.12 2.46 
32 1 2 1 NT B NI L 6.45 73 0.16 1.13 2.37 
33 2 2 1 NT B NI L 6.35 63 0.14 0.93 2.06 
34 2 2 1 CT B NI H 6.14 60 0.15 1.07 2.23 
35 3 2 1 NT B NI L 6.40 69 0.14 0.81 1.92 
36 3 2 1 CT B NI H 5.98 92 0.16 1.12 2.38 
37 1 2 2 CT NB NI H 6.10 89 0.14 0.95 2.17 
38 1 2 2 NT NB NI L 6.04 87 0.18 1.37 2.86 
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Appendix C-A (continued). 
 
plot tblock bblock iblock till burn irrig fert pH EC TotN TotC LOI 
39 2 2 2 NT NB NI H 6.28 94 0.15 1.08 2.28 
40 2 2 2 CT NB NI H 6.30 74 0.16 1.22 3.91 
41 3 2 2 NT NB NI L 6.35 83 0.17 1.31 2.75 
42 3 2 2 CT NB NI H 6.36 77 0.15 1.09 2.55 
43 1 2 2 CT NB NI L 6.48 77 0.16 1.09 2.46 
44 1 2 2 NT NB NI H 6.25 63 0.16 1.14 2.77 
45 2 2 2 NT NB NI L 6.12 86 0.18 1.30 2.71 
46 2 2 2 CT NB NI L 6.50 110 0.17 1.30 2.84 
47 3 2 2 NT NB NI H 6.24 92 0.19 1.53 3.12 
48 3 2 2 CT NB NI L 6.30 78 0.14 0.92 2.10 
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Appendix C-B. Raw data of phosphorus (P mg kg-1), potassium (K mg kg-1), calcium (Ca mg 
kg-1), magnesium (Mg mg kg-1) and sulfur (S mg kg-1) that was inserted into the model statement 
of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig P K Ca Mg S 
1 1 1 1 CT NB H IR 28.90 54.00 1248.00 297.00 8.30 
2 1 1 1 NT NB L IR 26.07 71.20 1185.66 287.64 8.88 
3 2 1 1 NT NB H IR 20.87 58.83 1283.02 319.19 8.84 
4 2 1 1 CT NB L IR 18.75 61.54 1089.47 271.87 8.49 
5 3 1 1 NT NB L IR 20.15 49.10 1238.75 301.21 6.99 
6 3 1 1 CT NB H IR 19.63 63.88 1313.77 334.24 8.28 
7 1 1 1 CT NB L IR 24.00 65.55 1158.94 283.26 8.21 
8 1 1 1 NT NB H IR 18.05 62.05 1003.78 248.14 7.41 
9 2 1 1 NT NB L IR 23.10 64.99 1113.21 268.53 10.61 
10 2 1 1 CT NB H IR 19.37 58.66 1273.81 319.27 11.45 
11 3 1 1 NT NB H IR 16.26 52.00 1182.50 301.07 7.95 
12 3 1 1 CT NB L IR 20.58 63.78 1226.54 315.74 6.81 
13 1 1 2 CT B L IR 25.21 69.29 1309.70 339.76 7.72 
14 1 1 2 NT B L IR 19.96 67.17 1263.15 284.07 7.29 
15 2 1 2 NT B H IR 19.91 63.73 1323.08 316.09 8.21 
16 2 1 2 CT B L IR 31.58 72.10 1526.08 398.71 9.00 
17 3 1 2 NT B H IR 19.22 53.90 1465.40 367.34 7.78 
18 3 1 2 CT B L IR 25.56 65.14 1441.79 381.85 7.75 
19 1 1 2 CT B H IR 23.26 64.07 1329.75 354.49 7.47 
20 1 1 2 NT B H IR 15.42 52.74 1191.48 318.88 7.39 
21 2 1 2 NT B L IR 20.80 66.26 1376.36 369.35 8.40 
22 2 1 2 CT B H IR 27.49 62.31 1454.92 398.02 9.59 
23 3 1 2 NT B L IR 18.73 89.77 1313.76 339.74 8.18 
24 3 1 2 CT B H IR 22.03 62.98 1450.77 397.25 8.16 
25 1 2 1 CT B H NI 25.78 80.40 1253.97 290.96 8.61 
26 1 2 1 NT B H NI 25.37 74.21 1110.00 247.98 10.75 
27 2 2 1 NT B H NI 20.32 65.59 1007.01 211.12 8.72 
28 2 2 1 CT B L NI 21.84 70.62 1195.77 273.98 7.05 
29 3 2 1 NT B H NI 15.93 97.94 1123.08 260.48 7.55 
30 3 2 1 CT B L NI 24.96 88.52 1213.22 278.16 6.65 
31 1 2 1 CT B L NI 28.18 84.13 1258.67 284.48 8.81 
32 1 2 1 NT B L NI 27.50 70.76 1367.02 268.51 7.81 
33 2 2 1 NT B L NI 23.30 77.94 1268.32 278.49 6.51 
34 2 2 1 CT B H NI 23.07 87.72 1228.61 281.62 6.74 
35 3 2 1 NT B L NI 19.18 67.16 1227.42 258.47 6.71 
36 3 2 1 CT B H NI 21.69 72.41 1276.65 272.23 10.14 
37 1 2 2 CT NB H NI 23.97 71.53 1379.89 236.33 8.42 
38 1 2 2 NT NB L NI 38.30 104.97 1390.65 260.61 10.78 
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Appendix C-B (continued). 
 
plot tblock bblock iblock till burn fert irrig P K Ca Mg S 
39 2 2 2 NT NB H NI 21.07 77.02 1420.06 235.63 9.16 
40 2 2 2 CT NB H NI 19.10 63.62 1390.37 256.54 7.52 
41 3 2 2 NT NB L NI 29.24 84.83 1417.35 271.61 8.46 
42 3 2 2 CT NB H NI 21.50 67.06 1427.70 267.82 7.79 
43 1 2 2 CT NB L NI 27.71 92.17 1447.30 264.99 6.74 
44 1 2 2 NT NB H NI 19.92 74.06 1385.44 230.48 6.34 
45 2 2 2 NT NB L NI 32.52 102.53 1363.40 210.20 9.90 
46 2 2 2 CT NB L NI 34.75 118.31 1433.12 270.17 10.60 
47 3 2 2 NT NB H NI 25.17 101.25 1546.75 262.03 9.77 
48 3 2 2 CT NB L NI 26.87 84.71 1522.98 266.72 8.04 
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Appendix C-C. Raw data of sodium (Na mg kg-1), iron (Fe mg kg-1), manganese (Mn mg kg-1), 
zinc (Zn mg kg-1) and copper (Cu mg kg-1) that was inserted into the model statement of the SAS 
program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig Na Fe Mn Zn Cu 
1 1 1 1 CT NB H IR 17.00 193.00 251.00 2.20 1.50 
2 1 1 1 NT NB L IR 13.71 158.56 228.05 2.04 1.26 
3 2 1 1 NT NB H IR 13.77 174.29 217.52 1.78 1.20 
4 2 1 1 CT NB L IR 16.80 154.99 243.73 1.57 1.35 
5 3 1 1 NT NB L IR 15.29 154.73 190.55 1.18 1.16 
6 3 1 1 CT NB H IR 15.60 169.39 192.95 1.25 1.24 
7 1 1 1 CT NB L IR 13.73 165.63 260.35 1.97 1.34 
8 1 1 1 NT NB H IR 13.73 148.78 227.88 2.35 1.17 
9 2 1 1 NT NB L IR 12.21 137.72 196.23 1.64 1.09 
10 2 1 1 CT NB H IR 19.14 163.52 232.63 1.41 1.26 
11 3 1 1 NT NB H IR 14.64 151.55 191.94 1.12 1.20 
12 3 1 1 CT NB L IR 16.44 149.44 161.94 1.08 1.29 
13 1 1 2 CT B L IR 16.27 177.92 185.05 1.32 1.33 
14 1 1 2 NT B L IR 17.37 173.17 176.24 1.33 1.35 
15 2 1 2 NT B H IR 18.41 151.25 155.42 1.14 1.28 
16 2 1 2 CT B L IR 19.50 229.08 195.99 1.23 1.50 
17 3 1 2 NT B H IR 15.47 170.81 150.41 0.96 1.23 
18 3 1 2 CT B L IR 19.95 195.13 178.91 1.13 1.39 
19 1 1 2 CT B H IR 14.56 185.90 203.81 1.64 1.49 
20 1 1 2 NT B H IR 15.61 148.06 153.53 1.09 1.30 
21 2 1 2 NT B L IR 17.39 176.97 172.07 1.27 1.38 
22 2 1 2 CT B H IR 18.57 220.53 192.79 1.24 1.42 
23 3 1 2 NT B L IR 20.37 150.82 140.13 1.33 1.26 
24 3 1 2 CT B H IR 25.62 196.31 193.38 1.14 1.38 
25 1 2 1 CT B H NI 10.79 194.12 155.77 1.50 1.37 
26 1 2 1 NT B H NI 10.26 180.80 132.81 1.63 1.27 
27 2 2 1 NT B H NI 11.45 166.43 127.41 1.26 1.31 
28 2 2 1 CT B L NI 12.50 201.54 170.29 1.63 1.40 
29 3 2 1 NT B H NI 10.26 178.94 156.37 1.68 1.17 
30 3 2 1 CT B L NI 11.70 197.72 188.98 1.54 1.41 
31 1 2 1 CT B L NI 12.03 189.72 159.38 1.53 1.45 
32 1 2 1 NT B L NI 13.42 178.57 142.97 1.98 1.49 
33 2 2 1 NT B L NI 12.12 148.74 108.43 1.33 1.25 
34 2 2 1 CT B H NI 9.41 196.14 174.80 1.43 1.34 
35 3 2 1 NT B L NI 13.45 163.11 130.37 1.17 1.25 
36 3 2 1 CT B H NI 11.61 176.68 180.88 1.46 1.32 
37 1 2 2 CT NB H NI 16.77 168.36 147.72 1.25 1.41 
38 1 2 2 NT NB L NI 10.00 204.08 162.71 2.20 1.40 
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Appendix C-C (continued). 
 
plot tblock bblock iblock till burn fert irrig Na Fe Mn Zn Cu 
39 2 2 2 NT NB H NI 13.60 169.01 151.90 1.54 1.36 
40 2 2 2 CT NB H NI 11.66 169.24 166.19 1.52 1.46 
41 3 2 2 NT NB L NI 10.08 191.01 188.19 1.90 1.42 
42 3 2 2 CT NB H NI 11.39 165.63 166.16 1.71 1.44 
43 1 2 2 CT NB L NI 11.78 199.29 173.02 1.59 1.54 
44 1 2 2 NT NB H NI 9.48 173.32 149.35 1.66 1.42 
45 2 2 2 NT NB L NI 7.98 154.50 149.27 2.36 1.43 
46 2 2 2 CT NB L NI 9.71 177.32 200.75 2.10 1.50 
47 3 2 2 NT NB H NI 8.56 183.52 177.15 2.13 1.41 
48 3 2 2 CT NB L NI 9.18 169.74 185.79 1.55 1.39 
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Appendix C-E. Raw data of bulk density in 2015 (BD15 g cm-3), wheat residue 2015 
(WheatRes15 kg ha-1) and soybean yield 2015 (soyyield15 kg ha-1) that was inserted into the 
model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig BD15 WheatRes15 Soyyield15 
1 1 1 1 CT NB H IR 1.27 6791.6 3261.3 
2 1 1 1 NT NB L IR 1.09 12813.2 3402.5 
3 2 1 1 NT NB H IR 1.21 4599.6 3327 
4 2 1 1 CT NB L IR 1.26 4718 3801.9 
5 3 1 1 NT NB L IR 1.22 4945.6 3461.8 
6 3 1 1 CT NB H IR 1.30 4837.2 3094.2 
7 1 1 1 CT NB L IR 1.27 7376.8 2866.9 
8 1 1 1 NT NB H IR 1.20 6397.2 3262.4 
9 2 1 1 NT NB L IR 1.23 5597.6 2989.5 
10 2 1 1 CT NB H IR 1.34 8796.8 2654.8 
11 3 1 1 NT NB H IR 1.24 6608.8 3288.7 
12 3 1 1 CT NB L IR 1.34 3021.2 2340.2 
13 1 1 2 CT B L IR 1.29 7373.6 3159.8 
14 1 1 2 NT B L IR 1.31 4510.4 2725.4 
15 2 1 2 NT B H IR 1.27 6014 2981.3 
16 2 1 2 CT B L IR 1.27 3732.8 3455.6 
17 3 1 2 NT B H IR 1.36 3487.2 3372.1 
18 3 1 2 CT B L IR 1.31 3122.4 3149.6 
19 1 1 2 CT B H IR 1.29 3942 3574 
20 1 1 2 NT B H IR 1.23 7046.4 1517.1 
21 2 1 2 NT B L IR 1.25 3283.6 1324.1 
22 2 1 2 CT B H IR 1.30 7586.8 4021.6 
23 3 1 2 NT B L IR 1.28 2863.2 437.4 
24 3 1 2 CT B H IR 1.38 10354.4 5162.9 
25 1 2 1 CT B H NI 1.33 5665.2 1859.8 
26 1 2 1 NT B H NI 1.31 6290.4 1047.6 
27 2 2 1 NT B H NI 1.34 7144.4 1060.9 
28 2 2 1 CT B L NI 1.34 4902.8 1986.5 
29 3 2 1 NT B H NI 1.34 7068.8 2079.4 
30 3 2 1 CT B L NI 1.34 3138.8 940.2 
31 1 2 1 CT B L NI 1.37 3866.4 1300.8 
32 1 2 1 NT B L NI 1.36 5872.4 1460.5 
33 2 2 1 NT B L NI 1.32 3492.4 996.1 
34 2 2 1 CT B H NI 1.32 5119.6 1373.6 
35 3 2 1 NT B L NI 1.29 3272.8 1857.8 
36 3 2 1 CT B H NI 1.27 7748.4 1891.6 
37 1 2 2 CT NB H NI 1.20 9803.2 1921.9 
38 1 2 2 NT NB L NI 1.20 2312 1792.9 
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Appendix C-E (continued). 
 
plot tblock bblock iblock till burn fert irrig BD15 WheatRes15 Soyyield15 
39 2 2 2 NT NB H NI 1.16 7135.2 2114.6 
40 2 2 2 CT NB H NI 1.30 7850 1824.7 
41 3 2 2 NT NB L NI 1.16 3362 1118.2 
42 3 2 2 CT NB H NI 1.26 7523.6 1164.1 
43 1 2 2 CT NB L NI 1.33 2772.4 2042.1 
44 1 2 2 NT NB H NI 1.33 6512.4 1752.4 
45 2 2 2 NT NB L NI 1.29 3106.4 1795.5 
46 2 2 2 CT NB L NI 1.37 2142.4 1134.5 
47 3 2 2 NT NB H NI 1.33 9732 1056.7 
48 3 2 2 CT NB L NI 1.35 3494 1735.5 
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Appendix C-F. Raw data of macro-aggregate % (macfrac), micro-aggregate % (micfrac) and 
silt-clay % (msocfrac) that was inserted into the model statement of the SAS program in 
Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig macfrac micfrac msocfrac 
1 1 1 1 CT NB H IR 67.07 19.45 13.48 
2 1 1 1 NT NB L IR 67.47 16.80 15.73 
3 2 1 1 NT NB H IR 66.31 20.12 13.57 
4 2 1 1 CT NB L IR 71.89 13.68 14.42 
5 3 1 1 NT NB L IR 63.75 21.51 14.74 
6 3 1 1 CT NB H IR 71.76 15.93 12.32 
7 1 1 1 CT NB L IR 62.92 22.93 14.14 
8 1 1 1 NT NB H IR 60.74 23.62 15.64 
9 2 1 1 NT NB L IR 61.42 22.34 16.24 
10 2 1 1 CT NB H IR 77.24 11.11 11.65 
11 3 1 1 NT NB H IR 60.50 25.33 14.17 
12 3 1 1 CT NB L IR 66.85 17.93 15.23 
13 1 1 2 CT B L IR 71.43 12.94 15.63 
14 1 1 2 NT B L IR 58.07 24.77 17.16 
15 2 1 2 NT B H IR 40.89 43.94 15.17 
16 2 1 2 CT B L IR 65.76 16.01 18.23 
17 3 1 2 NT B H IR 51.32 35.26 13.42 
18 3 1 2 CT B L IR 66.27 19.05 14.68 
19 1 1 2 CT B H IR 68.21 17.23 14.56 
20 1 1 2 NT B H IR 57.96 27.25 14.79 
21 2 1 2 NT B L IR 61.41 22.95 15.65 
22 2 1 2 CT B H IR 69.91 17.84 12.25 
23 3 1 2 NT B L IR 62.33 22.51 15.16 
24 3 1 2 CT B H IR 68.85 18.92 12.24 
25 1 2 1 CT B H NI 61.73 22.97 15.31 
26 1 2 1 NT B H NI 49.04 35.28 15.68 
27 2 2 1 NT B H NI 51.65 32.56 15.80 
28 2 2 1 CT B L NI 60.13 23.89 15.98 
29 3 2 1 NT B H NI 50.66 31.62 17.72 
30 3 2 1 CT B L NI 51.18 31.43 17.40 
31 1 2 1 CT B L NI 57.03 27.25 15.71 
32 1 2 1 NT B L NI 49.29 34.45 16.26 
33 2 2 1 NT B L NI 56.05 27.79 16.16 
34 2 2 1 CT B H NI 61.85 24.08 14.07 
35 3 2 1 NT B L NI 43.53 42.33 14.14 
36 3 2 1 CT B H NI 56.49 28.48 15.03 
37 1 2 2 CT NB H NI 56.82 28.57 14.61 
38 1 2 2 NT NB L NI 60.34 26.03 13.63 
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Appendix C-F (continued). 
 
plot tblock bblock iblock till burn fert irrig macfrac micfrac msocfrac 
39 2 2 2 NT NB H NI 56.15 29.83 14.02 
40 2 2 2 CT NB H NI 69.21 16.98 13.81 
41 3 2 2 NT NB L NI 52.33 34.20 13.47 
42 3 2 2 CT NB H NI 60.24 24.72 15.04 
43 1 2 2 CT NB L NI 60.87 25.21 13.92 
44 1 2 2 NT NB H NI 45.63 39.38 14.99 
45 2 2 2 NT NB L NI 52.33 33.57 14.10 
46 2 2 2 CT NB L NI 63.99 21.54 14.47 
47 3 2 2 NT NB H NI 58.09 27.54 14.37 
48 3 2 2 CT NB L NI 59.33 26.27 14.41 
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Appendix C-G. Raw data of coarse light fraction carbon (C) concentration [maclfCconc; g C kg-
1 agg (aggregate)], coarse total particulate organic matter C concentration (macpomCconc; g C 
kg-1 agg) and macro-aggregate C concentration (macCconc; g C kg-1 agg) that was inserted into 
the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig maclfCconc macpomCconc macCconc 
1 1 1 1 CT NB H IR 1.71 7.62 15.56 
2 1 1 1 NT NB L IR 1.19 5.12 20.53 
3 2 1 1 NT NB H IR 1.23 7.54 13.60 
4 2 1 1 CT NB L IR 2.00 6.98 18.47 
5 3 1 1 NT NB L IR 1.21 6.51 12.90 
6 3 1 1 CT NB H IR 1.30 6.87 17.32 
7 1 1 1 CT NB L IR 1.98 8.79 24.18 
8 1 1 1 NT NB H IR 1.19 8.99 18.82 
9 2 1 1 NT NB L IR 1.79 10.14 19.72 
10 2 1 1 CT NB H IR 1.61 6.99 13.34 
11 3 1 1 NT NB H IR 1.59 8.65 24.83 
12 3 1 1 CT NB L IR 1.86 7.40 15.94 
13 1 1 2 CT B L IR 1.40 11.18 16.76 
14 1 1 2 NT B L IR 2.22 11.15 23.03 
15 2 1 2 NT B H IR 1.82 10.11 15.55 
16 2 1 2 CT B L IR 0.84 5.65 16.57 
17 3 1 2 NT B H IR 1.48 8.11 13.87 
18 3 1 2 CT B L IR 1.65 6.85 15.98 
19 1 1 2 CT B H IR 0.97 7.89 18.05 
20 1 1 2 NT B H IR 1.96 7.76 15.04 
21 2 1 2 NT B L IR 1.96 10.78 23.07 
22 2 1 2 CT B H IR 0.91 6.38 13.17 
23 3 1 2 NT B L IR 1.65 8.36 18.67 
24 3 1 2 CT B H IR 0.84 5.59 14.62 
25 1 2 1 CT B H NI 0.72 6.26 13.12 
26 1 2 1 NT B H NI 2.17 9.12 16.36 
27 2 2 1 NT B H NI 1.11 . 10.96 
28 2 2 1 CT B L NI 0.32 0.09 15.09 
29 3 2 1 NT B H NI 1.38 6.21 18.00 
30 3 2 1 CT B L NI 0.96 3.90 11.67 
31 1 2 1 CT B L NI 1.18 6.31 16.27 
32 1 2 1 NT B L NI 1.09 2.20 15.80 
33 2 2 1 NT B L NI 1.70 5.89 15.73 
34 2 2 1 CT B H NI 1.35 4.08 9.44 
35 3 2 1 NT B L NI 1.39 6.02 10.77 
36 3 2 1 CT B H NI 0.79 6.40 11.36 
37 1 2 2 CT NB H NI 1.46 5.63 19.30 
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Appendix C-G (continued). 
 
plot tblock bblock iblock till burn fert irrig maclfCconc macpomCconc macCconc 
38 1 2 2 NT NB L NI 1.12 8.20 16.67 
39 2 2 2 NT NB H NI 1.15 6.04 14.57 
40 2 2 2 CT NB H NI 0.68 5.25 19.07 
41 3 2 2 NT NB L NI 1.10 7.07 17.06 
42 3 2 2 CT NB H NI 0.72 5.96 16.29 
43 1 2 2 CT NB L NI 1.05 6.20 13.77 
44 1 2 2 NT NB H NI 0.65 4.51 18.05 
45 2 2 2 NT NB L NI 1.24 7.35 14.30 
46 2 2 2 CT NB L NI 0.78 6.01 14.88 
47 3 2 2 NT NB H NI 1.15 7.94 22.46 
48 3 2 2 CT NB L NI 1.43 7.96 13.03 
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Appendix C-H. Raw data of fine light fraction carbon (C) concentration [miclfCconc; g C kg-1 
agg (aggregate)], fine total particulate organic matter C concentration (micpomCconc; g C kg-1 
agg) and micro-aggregate C concentration (micCconc; g C kg-1 agg) that was inserted into the 
model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig miclfCconc micpomCconc micCconc 
1 1 1 1 CT NB H IR 0.59 3.59 11.62 
2 1 1 1 NT NB L IR 0.71 2.42 14.04 
3 2 1 1 NT NB H IR 0.42 4.58 13.78 
4 2 1 1 CT NB L IR 0.56 3.91 18.53 
5 3 1 1 NT NB L IR 0.43 2.69 9.74 
6 3 1 1 CT NB H IR 0.20 1.99 13.29 
7 1 1 1 CT NB L IR 0.27 2.78 10.34 
8 1 1 1 NT NB H IR 0.44 5.16 15.06 
9 2 1 1 NT NB L IR 0.44 5.27 15.40 
10 2 1 1 CT NB H IR 0.40 3.07 11.81 
11 3 1 1 NT NB H IR 0.47 3.08 11.24 
12 3 1 1 CT NB L IR 0.17 2.08 9.21 
13 1 1 2 CT B L IR 0.15 2.62 12.03 
14 1 1 2 NT B L IR 0.75 3.16 12.71 
15 2 1 2 NT B H IR 0.27 1.34 8.02 
16 2 1 2 CT B L IR 0.11 1.83 9.55 
17 3 1 2 NT B H IR 0.25 1.59 10.12 
18 3 1 2 CT B L IR 0.20 2.25 8.74 
19 1 1 2 CT B H IR 0.02 0.16 11.10 
20 1 1 2 NT B H IR 0.31 2.41 12.84 
21 2 1 2 NT B L IR 0.31 3.91 11.41 
22 2 1 2 CT B H IR 0.08 1.75 10.49 
23 3 1 2 NT B L IR 0.30 2.14 10.06 
24 3 1 2 CT B H IR 0.10 1.51 7.47 
25 1 2 1 CT B H NI 0.11 1.50 12.90 
26 1 2 1 NT B H NI 0.25 1.76 11.33 
27 2 2 1 NT B H NI . 0.67 12.45 
28 2 2 1 CT B L NI 0.32 1.57 8.84 
29 3 2 1 NT B H NI 0.17 1.06 9.04 
30 3 2 1 CT B L NI 0.04 3.91 8.33 
31 1 2 1 CT B L NI 0.12 1.47 8.41 
32 1 2 1 NT B L NI 0.19 5.65 10.33 
33 2 2 1 NT B L NI 0.19 1.64 9.23 
34 2 2 1 CT B H NI 0.14 1.23 8.03 
35 3 2 1 NT B L NI 0.06 0.88 6.69 
36 3 2 1 CT B H NI 0.13 1.19 8.33 
37 1 2 2 CT NB H NI 0.10 1.72 9.07 
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Appendix C-H (continued). 
 
plot tblock bblock iblock till burn fert irrig miclfCconc micpomCconc micCconc 
38 1 2 2 NT NB L NI 0.09 1.63 8.90 
39 2 2 2 NT NB H NI 0.06 1.38 10.15 
40 2 2 2 CT NB H NI 0.14 1.60 10.26 
41 3 2 2 NT NB L NI 0.07 1.25 7.05 
42 3 2 2 CT NB H NI 0.04 1.85 8.61 
43 1 2 2 CT NB L NI 0.04 1.47 7.05 
44 1 2 2 NT NB H NI 0.05 0.89 8.11 
45 2 2 2 NT NB L NI 0.07 2.20 8.35 
46 2 2 2 CT NB L NI 0.12 1.96 8.76 
47 3 2 2 NT NB H NI 0.11 1.78 12.33 
48 3 2 2 CT NB L NI 0.11 1.48 6.80 
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Appendix C-I. Raw data of coarse light fraction nitrogen (N) concentration [maclfNconc; g N 
kg-1 agg (aggregate)], coarse total particulate organic matter N concentration (macpomNconc; g 
N kg-1 agg) and macro-aggregate N concentration (macNconc; g N kg-1 agg) that was inserted 
into the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig maclfNconc macpomNconc macNconc 
1 1 1 1 CT NB H IR 0.11 0.53 1.44 
2 1 1 1 NT NB L IR 0.08 0.39 1.88 
3 2 1 1 NT NB H IR 0.07 0.55 1.67 
4 2 1 1 CT NB L IR 0.12 0.58 1.81 
5 3 1 1 NT NB L IR 0.08 0.51 1.41 
6 3 1 1 CT NB H IR 0.08 0.45 1.45 
7 1 1 1 CT NB L IR 0.12 0.69 1.92 
8 1 1 1 NT NB H IR 0.07 0.73 1.78 
9 2 1 1 NT NB L IR 0.11 0.84 1.87 
10 2 1 1 CT NB H IR 0.10 0.54 1.65 
11 3 1 1 NT NB H IR 0.10 0.58 1.95 
12 3 1 1 CT NB L IR 0.12 0.62 1.54 
13 1 1 2 CT B L IR 0.08 0.77 1.52 
14 1 1 2 NT B L IR 0.12 0.88 2.08 
15 2 1 2 NT B H IR 0.10 0.69 1.70 
16 2 1 2 CT B L IR 0.05 0.45 1.56 
17 3 1 2 NT B H IR 0.08 0.56 1.57 
18 3 1 2 CT B L IR 0.09 0.50 1.48 
19 1 1 2 CT B H IR 0.06 0.53 1.44 
20 1 1 2 NT B H IR 0.10 0.55 1.65 
21 2 1 2 NT B L IR 0.11 0.92 1.96 
22 2 1 2 CT B H IR 0.04 0.43 1.43 
23 3 1 2 NT B L IR 0.10 0.64 1.63 
24 3 1 2 CT B H IR 0.04 0.43 1.66 
25 1 2 1 CT B H NI 0.04 0.41 1.30 
26 1 2 1 NT B H NI 0.13 0.59 1.75 
27 2 2 1 NT B H NI 0.06 . 1.18 
28 2 2 1 CT B L NI 0.02 0.01 1.50 
29 3 2 1 NT B H NI 0.07 0.36 1.28 
30 3 2 1 CT B L NI 0.05 0.24 1.29 
31 1 2 1 CT B L NI 0.06 0.45 1.36 
32 1 2 1 NT B L NI 0.06 0.14 1.46 
33 2 2 1 NT B L NI 0.09 0.40 1.21 
34 2 2 1 CT B H NI 0.09 0.33 1.41 
35 3 2 1 NT B L NI 0.07 0.42 1.26 
36 3 2 1 CT B H NI 0.04 0.41 1.21 
37 1 2 2 CT NB H NI 0.08 0.47 1.58 
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Appendix C-I (continued). 
 
plot tblock bblock iblock till burn fert irrig maclfNconc macpomNconc macNconc 
38 1 2 2 NT NB L NI 0.07 0.60 1.84 
39 2 2 2 NT NB H NI 0.07 0.48 1.57 
40 2 2 2 CT NB H NI 0.04 0.42 1.41 
41 3 2 2 NT NB L NI 0.06 0.55 1.75 
42 3 2 2 CT NB H NI 0.04 0.43 1.52 
43 1 2 2 CT NB L NI 0.06 0.44 1.35 
44 1 2 2 NT NB H NI 0.03 0.40 1.61 
45 2 2 2 NT NB L NI 0.09 0.49 1.52 
46 2 2 2 CT NB L NI 0.04 0.43 1.54 
47 3 2 2 NT NB H NI 0.07 0.64 2.05 
48 3 2 2 CT NB L NI 0.09 0.48 1.45 
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Appendix C-J. Raw data of fine light fraction nitrogen (N) concentration [miclfNconc; g N kg-1 
agg (aggregate)], fine total particulate organic matter N concentration (micpomNconc; g N kg-1 
agg) and micro-aggregate N concentration (micNconc; g N kg-1 agg) that was inserted into the 
model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig miclfNconc micipomNconc micNconc 
1 1 1 1 CT NB H IR 0.04 0.30 1.16 
2 1 1 1 NT NB L IR 0.04 0.24 1.58 
3 2 1 1 NT NB H IR 0.04 0.41 1.51 
4 2 1 1 CT NB L IR 0.02 0.35 1.85 
5 3 1 1 NT NB L IR 0.02 0.24 1.10 
6 3 1 1 CT NB H IR 0.02 0.16 1.26 
7 1 1 1 CT NB L IR 0.02 0.24 1.07 
8 1 1 1 NT NB H IR 0.03 0.47 1.50 
9 2 1 1 NT NB L IR 0.02 0.47 1.41 
10 2 1 1 CT NB H IR 0.03 0.23 1.25 
11 3 1 1 NT NB H IR 0.03 0.26 1.26 
12 3 1 1 CT NB L IR 0.01 0.19 1.07 
13 1 1 2 CT B L IR 0.03 0.22 1.17 
14 1 1 2 NT B L IR 0.04 0.26 1.06 
15 2 1 2 NT B H IR 0.01 0.09 0.82 
16 2 1 2 CT B L IR 0.01 0.14 1.04 
17 3 1 2 NT B H IR 0.01 0.09 1.03 
18 3 1 2 CT B L IR 0.02 0.20 1.07 
19 1 1 2 CT B H IR 0.02 0.17 1.10 
20 1 1 2 NT B H IR 0.02 0.17 1.25 
21 2 1 2 NT B L IR 0.02 0.35 1.22 
22 2 1 2 CT B H IR 0.01 0.12 0.93 
23 3 1 2 NT B L IR 0.02 0.18 0.94 
24 3 1 2 CT B H IR 0.01 0.11 0.83 
25 1 2 1 CT B H NI 0.01 0.10 1.03 
26 1 2 1 NT B H NI 0.02 0.12 1.03 
27 2 2 1 NT B H NI . 0.05 1.03 
28 2 2 1 CT B L NI 0.01 0.11 0.94 
29 3 2 1 NT B H NI 0.01 0.08 1.03 
30 3 2 1 CT B L NI 0.01 0.32 0.99 
31 1 2 1 CT B L NI 0.01 0.11 0.94 
32 1 2 1 NT B L NI 0.01 0.40 1.14 
33 2 2 1 NT B L NI 0.02 0.12 0.93 
34 2 2 1 CT B H NI 0.01 0.09 0.93 
35 3 2 1 NT B L NI 0.01 0.06 0.72 
36 3 2 1 CT B H NI 0.01 0.09 0.93 
37 1 2 2 CT NB H NI 0.01 0.12 1.04 
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Appendix C-J (continued). 
 
plot tblock bblock iblock till burn fert irrig miclfNconc micipomNconc micNconc 
38 1 2 2 NT NB L NI 0.01 0.14 0.94 
39 2 2 2 NT NB H NI 0.01 0.10 1.14 
40 2 2 2 CT NB H NI 0.01 0.11 1.24 
41 3 2 2 NT NB L NI 0.01 0.10 0.83 
42 3 2 2 CT NB H NI 0.00 0.13 0.93 
43 1 2 2 CT NB L NI 0.01 0.10 0.83 
44 1 2 2 NT NB H NI 0.00 0.06 0.92 
45 2 2 2 NT NB L NI 0.01 0.16 0.94 
46 2 2 2 CT NB L NI 0.01 0.14 1.04 
47 3 2 2 NT NB H NI 0.01 0.14 1.14 
48 3 2 2 CT NB L NI 0.01 0.11 0.83 
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Appendix C-K. Raw data of coarse light fraction C:N ratio by concentration (macLFCNRconc), 
coarse total particulate organic matter C:N Ratio by concentration (macPOMCNRconc) and 
macro-aggregate C:N ratio by concentration (macCNRconc) that was inserted into the model 
statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig macLFCNR conc 
macPOMCNR 
conc macCNRconc 
1 1 1 1 CT NB H IR 15.55 14.38 10.81 
2 1 1 1 NT NB L IR 14.88 13.13 10.92 
3 2 1 1 NT NB H IR 17.57 13.71 8.14 
4 2 1 1 CT NB L IR 16.67 12.03 10.20 
5 3 1 1 NT NB L IR 15.13 12.76 9.15 
6 3 1 1 CT NB H IR 16.25 15.27 11.94 
7 1 1 1 CT NB L IR 16.50 12.74 12.59 
8 1 1 1 NT NB H IR 17.00 12.32 10.57 
9 2 1 1 NT NB L IR 16.27 12.07 10.55 
10 2 1 1 CT NB H IR 16.10 12.94 8.08 
11 3 1 1 NT NB H IR 15.90 14.91 12.73 
12 3 1 1 CT NB L IR 15.50 11.94 10.35 
13 1 1 2 CT B L IR 17.50 14.52 11.03 
14 1 1 2 NT B L IR 18.50 12.67 11.07 
15 2 1 2 NT B H IR 18.20 14.65 9.15 
16 2 1 2 CT B L IR 16.80 12.56 10.62 
17 3 1 2 NT B H IR 18.50 14.48 8.83 
18 3 1 2 CT B L IR 18.33 13.70 10.80 
19 1 1 2 CT B H IR 16.17 14.89 12.53 
20 1 1 2 NT B H IR 19.60 14.11 9.12 
21 2 1 2 NT B L IR 17.82 11.72 11.77 
22 2 1 2 CT B H IR 22.75 14.84 9.21 
23 3 1 2 NT B L IR 16.50 13.06 11.45 
24 3 1 2 CT B H IR 21.00 13.00 8.81 
25 1 2 1 CT B H NI 18.00 15.27 10.09 
26 1 2 1 NT B H NI 16.69 15.46 9.35 
27 2 2 1 NT B H NI 18.50 . 9.29 
28 2 2 1 CT B L NI 16.00 9.00 10.06 
29 3 2 1 NT B H NI 19.71 17.25 14.06 
30 3 2 1 CT B L NI 19.20 16.25 9.05 
31 1 2 1 CT B L NI 19.67 14.02 11.96 
32 1 2 1 NT B L NI 18.17 15.71 10.82 
33 2 2 1 NT B L NI 18.89 14.73 13.00 
34 2 2 1 CT B H NI 15.00 12.36 6.70 
35 3 2 1 NT B L NI 19.86 14.33 8.55 
36 3 2 1 CT B H NI 19.75 15.61 9.39 
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Appendix C-K (continued). 
 
plot tblock bblock iblock till burn fert irrig macLFCNR conc 
macPOMCNR 
conc macCNRconc 
37 1 2 2 CT NB H NI 18.25 11.98 12.22 
38 1 2 2 NT NB L NI 16.00 13.67 9.06 
39 2 2 2 NT NB H NI 16.43 12.58 9.28 
40 2 2 2 CT NB H NI 17.00 12.50 13.52 
41 3 2 2 NT NB L NI 18.33 12.85 9.75 
42 3 2 2 CT NB H NI 18.00 13.86 10.72 
43 1 2 2 CT NB L NI 17.50 14.09 10.20 
44 1 2 2 NT NB H NI 21.67 11.28 11.21 
45 2 2 2 NT NB L NI 13.78 15.00 9.41 
46 2 2 2 CT NB L NI 19.50 13.98 9.66 
47 3 2 2 NT NB H NI 16.43 12.41 10.96 
48 3 2 2 CT NB L NI 15.89 16.58 8.99 
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Appendix C-L. Raw data of fine light fraction C:N ratio by concentration (micLFCNRconc), 
fine total particulate organic matter C:N Ratio by concentration (micPOMCNRconc) and micro-
aggregate C:N ratio by concentration (micCNRconc) that was inserted into the model statement 
of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig MicLFCNR conc 
MicPOMCNR
conc MicCNRconc 
1 1 1 1 CT NB H IR 14.75 11.97 10.02 
2 1 1 1 NT NB L IR 17.75 10.08 8.89 
3 2 1 1 NT NB H IR 10.50 11.17 9.13 
4 2 1 1 CT NB L IR 28.00 11.17 10.02 
5 3 1 1 NT NB L IR 21.50 11.21 8.85 
6 3 1 1 CT NB H IR 10.00 12.44 10.55 
7 1 1 1 CT NB L IR 13.50 11.58 9.66 
8 1 1 1 NT NB H IR 14.67 10.98 10.04 
9 2 1 1 NT NB L IR 22.00 11.21 10.92 
10 2 1 1 CT NB H IR 13.33 13.35 9.45 
11 3 1 1 NT NB H IR 15.67 11.85 8.92 
12 3 1 1 CT NB L IR 17.00 10.95 8.61 
13 1 1 2 CT B L IR 5.00 11.91 10.28 
14 1 1 2 NT B L IR 18.75 12.15 11.99 
15 2 1 2 NT B H IR 27.00 14.89 9.78 
16 2 1 2 CT B L IR 11.00 13.07 9.18 
17 3 1 2 NT B H IR 25.00 17.67 9.83 
18 3 1 2 CT B L IR 10.00 11.25 8.17 
19 1 1 2 CT B H IR 1.00 0.94 10.09 
20 1 1 2 NT B H IR 15.50 14.18 10.27 
21 2 1 2 NT B L IR 15.50 11.17 9.35 
22 2 1 2 CT B H IR 8.00 14.58 11.28 
23 3 1 2 NT B L IR 15.00 11.89 10.70 
24 3 1 2 CT B H IR 10.00 13.73 9.00 
25 1 2 1 CT B H NI 11.00 15.00 12.52 
26 1 2 1 NT B H NI 12.50 14.67 11.00 
27 2 2 1 NT B H NI . 13.40 12.09 
28 2 2 1 CT B L NI 32.00 14.27 9.40 
29 3 2 1 NT B H NI 17.00 13.25 8.78 
30 3 2 1 CT B L NI 4.00 12.22 8.41 
31 1 2 1 CT B L NI 12.00 13.36 8.95 
32 1 2 1 NT B L NI 19.00 14.13 9.06 
33 2 2 1 NT B L NI 9.50 13.67 9.92 
34 2 2 1 CT B H NI 14.00 13.67 8.63 
35 3 2 1 NT B L NI 6.00 14.67 9.29 
36 3 2 1 CT B H NI 13.00 13.22 8.96 
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Appendix C-L (continued). 
 
plot tblock bblock iblock till burn fert irrig MicLFCNR conc 
MicPOMCNR
conc MicCNRconc 
37 1 2 2 CT NB H NI 10.00 14.33 8.72 
38 1 2 2 NT NB L NI 9.00 11.64 9.47 
39 2 2 2 NT NB H NI 6.00 13.80 8.90 
40 2 2 2 CT NB H NI 14.00 14.55 8.27 
41 3 2 2 NT NB L NI 7.00 12.50 8.49 
42 3 2 2 CT NB H NI . 14.23 9.26 
43 1 2 2 CT NB L NI 4.00 14.70 8.49 
44 1 2 2 NT NB H NI . 14.83 8.82 
45 2 2 2 NT NB L NI 7.00 13.75 8.88 
46 2 2 2 CT NB L NI 12.00 14.00 8.42 
47 3 2 2 NT NB H NI 11.00 12.71 10.82 
48 3 2 2 CT NB L NI 11.00 13.45 8.19 
  
237 
 
Appendix C-M. Raw data of bulk soil carbon (C) content (soilbulkC; g C m-2), macro-aggregate 
C content (macbulkC; g C m-2), micro-aggregate C content (micbulkC; g C m-2) and silt-clay C 
content (msocbulkC; g C m-2) that was inserted into the model statement of the SAS program in 
Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig SoilbulkC macbulkC micbulkC msocbulkC 
1 1 1 1 CT NB H IR 1333.50 1200.97 271.72 721.25 
2 1 1 1 NT NB L IR 1744.00 1367.89 243.60 979.52 
3 2 1 1 NT NB H IR 1427.80 978.80 311.61 844.88 
4 2 1 1 CT NB L IR 2079.00 1476.48 293.03 1529.79 
5 3 1 1 NT NB L IR 1268.00 995.52 255.02 700.31 
6 3 1 1 CT NB H IR 1534.00 1445.94 262.92 983.19 
7 1 1 1 CT NB L IR 1384.30 1710.04 282.60 762.94 
8 1 1 1 NT NB H IR 1596.00 1231.79 399.65 939.52 
9 2 1 1 NT NB L IR 1340.70 1276.70 390.22 654.90 
10 2 1 1 CT NB H IR 2170.80 1250.40 168.14 1533.85 
11 3 1 1 NT NB H IR 1760.80 1646.00 331.04 1173.64 
12 3 1 1 CT NB L IR 1433.80 1209.32 206.63 914.69 
13 1 1 2 CT B L IR 1522.20 1343.31 192.31 718.98 
14 1 1 2 NT B L IR 1598.20 1513.83 381.37 875.29 
15 2 1 2 NT B H IR 1600.20 711.51 435.27 1121.93 
16 2 1 2 CT B L IR 1587.50 1292.82 194.42 1155.26 
17 3 1 2 NT B H IR 1727.20 865.57 469.87 1203.58 
18 3 1 2 CT B L IR 2751.00 1215.21 204.64 2245.44 
19 1 1 2 CT B H IR 1573.80 1434.22 235.63 955.60 
20 1 1 2 NT B H IR 2324.70 976.64 412.30 1791.50 
21 2 1 2 NT B L IR 1925.00 1443.14 295.35 1283.98 
22 2 1 2 CT B H IR 1560.00 1090.55 234.29 1041.04 
23 3 1 2 NT B L IR 1318.40 1276.52 276.60 772.34 
24 3 1 2 CT B H IR 1504.20 1254.17 187.95 1034.46 
25 1 2 1 CT B H NI 1383.20 993.38 381.77 903.23 
26 1 2 1 NT B H NI 1427.90 963.55 508.45 858.49 
27 2 2 1 NT B H NI 1527.60 705.90 527.91 . 
28 2 2 1 CT B L NI 1125.60 1055.52 272.11 719.68 
29 3 2 1 NT B H NI 1353.40 1147.34 372.80 939.36 
30 3 2 1 CT B L NI 1648.20 747.54 320.08 1277.80 
31 1 2 1 CT B L NI 1589.20 1125.14 302.42 1152.24 
32 1 2 1 NT B L NI 1414.40 1018.72 426.35 1072.85 
33 2 2 1 NT B L NI 1293.60 1057.96 326.48 877.78 
34 2 2 1 CT B H NI 1359.60 710.29 247.93 1039.29 
35 3 2 1 NT B L NI 1496.40 527.84 354.94 1193.85 
36 3 2 1 CT B H NI 1041.40 738.97 292.92 622.87 
37 1 2 2 CT NB H NI 1404.00 1165.90 298.25 1048.66 
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Appendix C-M (continued). 
 
plot tblock bblock iblock till burn fert irrig SoilbulkC macbulkC micbulkC msocbulkC 
38 1 2 2 NT NB L NI 1740.00 1049.96 265.51 1244.06 
39 2 2 2 NT NB H NI 1658.80 846.74 339.11 1301.09 
40 2 2 2 CT NB H NI 1807.00 1583.57 218.57 1372.02 
41 3 2 2 NT NB L NI 1148.40 886.26 269.81 788.04 
42 3 2 2 CT NB H NI 1814.40 1138.61 258.50 1376.54 
43 1 2 2 CT NB L NI 1183.70 987.68 228.05 743.66 
44 1 2 2 NT NB H NI 984.20 952.71 413.81 732.56 
45 2 2 2 NT NB L NI 1225.50 823.60 346.40 776.87 
46 2 2 2 CT NB L NI 1452.20 1183.53 247.86 965.45 
47 3 2 2 NT NB H NI 1516.20 1521.94 435.88 1021.94 
48 3 2 2 CT NB L NI 1323.00 937.04 234.07 759.70 
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Appendix C-N. Raw data of bulk soil nitrogen (N) content (soilbulkN; g N m-2), macro-
aggregate N content (macbulkN; g N m-2), micro-aggregate N content (micbulkN; g N m-2) and 
silt-clay N content (msocbulkN; g N m-2) that was inserted into the model statement of the SAS 
program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig SoilbulkN macbulkN micbulkN msocbulkN 
1 1 1 1 CT NB H IR 152.40 110.73 27.18 108.89 
2 1 1 1 NT NB L IR 174.40 125.01 27.47 114.53 
3 2 1 1 NT NB H IR 157.30 120.34 34.08 113.08 
4 2 1 1 CT NB L IR 163.80 144.94 29.31 118.17 
5 3 1 1 NT NB L IR 134.20 108.89 28.92 88.66 
6 3 1 1 CT NB H IR 143.00 121.27 24.84 106.70 
7 1 1 1 CT NB L IR 139.70 135.84 29.13 90.36 
8 1 1 1 NT NB H IR 156.00 116.62 39.68 101.34 
9 2 1 1 NT NB L IR 147.60 120.87 35.72 90.37 
10 2 1 1 CT NB H IR 174.20 155.26 17.86 125.13 
11 3 1 1 NT NB H IR 173.60 128.95 37.13 132.84 
12 3 1 1 CT NB L IR 147.40 116.45 24.03 103.67 
13 1 1 2 CT B L IR 141.90 122.12 18.72 86.30 
14 1 1 2 NT B L IR 170.30 136.93 31.78 113.21 
15 2 1 2 NT B H IR 139.70 77.90 44.64 107.17 
16 2 1 2 CT B L IR 152.40 121.47 21.13 118.18 
17 3 1 2 NT B H IR 149.60 97.73 47.95 114.22 
18 3 1 2 CT B L IR 196.50 112.84 24.96 158.75 
19 1 1 2 CT B H IR 154.80 114.39 22.23 113.14 
20 1 1 2 NT B H IR 159.90 106.94 40.22 122.10 
21 2 1 2 NT B L IR 162.50 122.82 31.55 107.46 
22 2 1 2 CT B H IR 156.00 118.15 20.88 120.89 
23 3 1 2 NT B L IR 140.80 111.69 25.93 98.52 
24 3 1 2 CT B H IR 138.00 142.52 20.89 102.09 
25 1 2 1 CT B H NI 159.60 98.52 30.54 127.82 
26 1 2 1 NT B H NI 144.10 102.78 46.22 106.92 
27 2 2 1 NT B H NI 134.00 76.13 43.63 . 
28 2 2 1 CT B L NI 134.00 104.75 28.81 104.04 
29 3 2 1 NT B H NI 147.40 81.46 42.36 123.01 
30 3 2 1 CT B L NI 147.40 82.29 37.90 121.93 
31 1 2 1 CT B L NI 137.00 93.76 33.60 105.39 
32 1 2 1 NT B L NI 149.60 93.84 46.85 126.41 
33 2 2 1 NT B L NI 132.00 81.38 33.01 103.44 
34 2 2 1 CT B H NI 145.20 106.14 28.61 119.68 
35 3 2 1 NT B L NI 103.20 61.77 38.23 82.03 
36 3 2 1 CT B H NI 127.00 78.92 32.55 99.96 
37 1 2 2 CT NB H NI 144.00 95.46 34.28 115.19 
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Appendix C-N (continued). 
 
plot tblock bblock iblock till burn fert irrig SoilbulkN macbulkN micbulkN msocbulkN 
38 1 2 2 NT NB L NI 144.00 115.85 28.11 107.09 
39 2 2 2 NT NB H NI 150.80 91.19 38.06 122.70 
40 2 2 2 CT NB H NI 156.00 116.96 26.49 121.63 
41 3 2 2 NT NB L NI 127.60 91.05 31.74 99.50 
42 3 2 2 CT NB H NI 151.20 106.27 28.03 119.76 
43 1 2 2 CT NB L NI 133.00 97.15 26.83 102.11 
44 1 2 2 NT NB H NI 106.40 84.96 47.14 85.15 
45 2 2 2 NT NB L NI 141.90 87.76 38.97 111.68 
46 2 2 2 CT NB L NI 137.00 122.74 29.51 102.32 
47 3 2 2 NT NB H NI 159.60 139.06 40.29 120.06 
48 3 2 2 CT NB L NI 135.00 104.12 28.37 100.59 
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Appendix C-O. Raw data of bulk soil C:N ratio by content (soilbulkCNR), macro-aggregate 
C:N ratio by content (macbulkCNR), micro-aggregate C:N ratio by content (micbulk CNR), and 
silt-clay C:N ratio by content (msocbulkCNR) that was inserted into the model statement of the 
SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig soilbulk CNR 
macbulk 
CNR 
micbulk 
CNR 
msocbulk 
CNR 
1 1 1 1 CT NB H IR 8.75 10.85 11.94 6.62 
2 1 1 1 NT NB L IR 10.00 10.94 10.26 8.55 
3 2 1 1 NT NB H IR 9.08 8.13 11.23 7.47 
4 2 1 1 CT NB L IR 12.69 10.19 11.08 12.95 
5 3 1 1 NT NB L IR 9.45 9.14 11.36 7.90 
6 3 1 1 CT NB H IR 10.73 11.92 12.30 9.21 
7 1 1 1 CT NB L IR 9.91 12.59 11.67 8.44 
8 1 1 1 NT NB H IR 10.23 10.56 10.97 9.27 
9 2 1 1 NT NB L IR 9.08 10.56 11.31 7.25 
10 2 1 1 CT NB H IR 12.46 8.05 13.62 12.26 
11 3 1 1 NT NB H IR 10.14 12.76 11.91 8.83 
12 3 1 1 CT NB L IR 9.73 10.38 10.91 8.82 
13 1 1 2 CT B L IR 10.73 11.00 11.88 8.33 
14 1 1 2 NT B L IR 9.38 11.06 12.07 7.73 
15 2 1 2 NT B H IR 11.45 9.13 15.20 10.47 
16 2 1 2 CT B L IR 10.42 10.64 13.15 9.78 
17 3 1 2 NT B H IR 11.55 8.86 17.03 10.54 
18 3 1 2 CT B L IR 14.00 10.77 11.44 14.14 
19 1 1 2 CT B H IR 10.17 12.54 15.80 8.45 
20 1 1 2 NT B H IR 14.54 9.13 13.91 14.67 
21 2 1 2 NT B L IR 11.85 11.75 11.34 11.95 
22 2 1 2 CT B H IR 10.00 9.23 14.56 8.61 
23 3 1 2 NT B L IR 9.36 11.43 12.00 7.84 
24 3 1 2 CT B H IR 10.90 8.80 13.73 10.13 
25 1 2 1 CT B H NI 8.67 10.08 14.59 7.07 
26 1 2 1 NT B H NI 9.91 9.37 15.08 8.03 
27 2 2 1 NT B H NI 11.40 9.27 13.24 . 
28 2 2 1 CT B L NI 8.40 10.08 13.79 6.92 
29 3 2 1 NT B H NI 9.18 14.08 13.54 7.64 
30 3 2 1 CT B L NI 11.18 9.08 12.37 10.48 
31 1 2 1 CT B L NI 11.60 12.00 13.26 10.93 
32 1 2 1 NT B L NI 9.45 10.86 14.19 8.49 
33 2 2 1 NT B L NI 9.80 13.00 13.30 8.49 
34 2 2 1 CT B H NI 9.36 6.69 14.53 8.68 
35 3 2 1 NT B L NI 14.50 8.55 13.71 14.55 
36 3 2 1 CT B H NI 8.20 9.36 13.53 6.23 
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Appendix C-O (continued). 
 
plot tblock bblock iblock till burn fert irrig soilbulk CNR 
macbulk 
CNR 
micbulk 
CNR 
msocbulk 
CNR 
37 1 2 2 CT NB H NI 9.75 12.21 13.87 9.10 
38 1 2 2 NT NB L NI 12.08 9.06 11.82 11.62 
39 2 2 2 NT NB H NI 11.00 9.29 13.26 10.60 
40 2 2 2 CT NB H NI 11.58 13.54 14.20 11.28 
41 3 2 2 NT NB L NI 9.00 9.73 12.84 11.49 
42 3 2 2 CT NB H NI 12.00 10.71 14.02 7.28 
43 1 2 2 CT NB L NI 8.90 10.17 14.32 8.60 
44 1 2 2 NT NB H NI 9.25 11.21 14.54 6.96 
45 2 2 2 NT NB L NI 8.64 9.38 13.65 9.44 
46 2 2 2 CT NB L NI 10.60 9.64 13.92 8.51 
47 3 2 2 NT NB H NI 9.50 10.94 12.86 7.55 
48 3 2 2 CT NB L NI 9.80 9.00 14.07 11.49 
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Appendix C-P. Raw data of coarse total particulate organic matter (POM) carbon (C) content 
(macPOMCcont; g C m2), coarse intra-POM C content (maciPOMCcont; g C m-2), coarse light 
fraction (LF) C content (macLFCcont; g C m-2) and coarse silt-clay C content (macmsocCcont; g 
C m-2) that was inserted into the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig macPOMC cont 
maciPOMC 
cont 
macLFC 
cont 
macmsocC 
cont 
1 1 1 1 CT NB H IR 532.72 412.99 119.72 668.24 
2 1 1 1 NT NB L IR 684.07 561.41 122.78 683.62 
3 2 1 1 NT NB H IR 486.78 407.58 79.20 492.02 
4 2 1 1 CT NB L IR 492.47 351.26 141.24 984.04 
5 3 1 1 NT NB L IR 498.21 405.68 92.58 92.58 
6 3 1 1 CT NB H IR 513.16 416.03 97.14 932.78 
7 1 1 1 CT NB L IR 549.07 426.25 123.83 1160.11 
8 1 1 1 NT NB H IR 528.35 458.50 69.87 703.44 
9 2 1 1 NT NB L IR 562.73 463.54 99.18 713.97 
10 2 1 1 CT NB H IR 595.13 457.76 137.38 657.28 
11 3 1 1 NT NB H IR 500.92 408.65 92.27 1145.07 
12 3 1 1 CT NB L IR 475.67 355.90 119.67 733.70 
13 1 1 2 CT B L IR 763.92 688.42 95.57 579.39 
14 1 1 2 NT B L IR 633.36 507.31 126.11 880.47 
15 2 1 2 NT B H IR 407.43 334.10 73.34 304.08 
16 2 1 2 CT B L IR 396.39 337.45 59.01 896.43 
17 3 1 2 NT B H IR 452.41 369.97 82.45 413.15 
18 3 1 2 CT B L IR 456.05 346.02 110.22 759.03 
19 1 1 2 CT B H IR 565.74 496.36 69.39 868.48 
20 1 1 2 NT B H IR 458.93 342.87 116.06 517.71 
21 2 1 2 NT B L IR 549.57 449.37 100.12 893.66 
22 2 1 2 CT B H IR 481.39 412.87 68.51 609.16 
23 3 1 2 NT B L IR 490.03 393.17 96.88 786.46 
24 3 1 2 CT B H IR 433.07 368.14 64.93 821.08 
25 1 2 1 CT B H NI 437.09 387.21 49.88 556.30 
26 1 2 1 NT B H NI 492.67 375.43 117.24 470.88 
27 2 2 1 NT B H NI . . 66.78 . 
28 2 2 1 CT B L NI 359.17 340.11 19.23 696.12 
29 3 2 1 NT B H NI 371.53 289.17 82.36 775.81 
30 3 2 1 CT B L NI 232.98 175.82 57.44 514.23 
31 1 2 1 CT B L NI 385.92 313.44 72.49 739.22 
32 1 2 1 NT B L NI 136.49 68.53 67.65 882.63 
33 2 2 1 NT B L NI 359.82 255.82 103.92 698.14 
34 2 2 1 CT B H NI 283.39 190.00 93.38 426.90 
35 3 2 1 NT B L NI 257.45 198.18 59.28 270.40 
36 3 2 1 CT B H NI 377.81 331.15 46.66 361.16 
244 
 
Appendix C-P (continued). 
 
plot tblock bblock iblock till burn fert irrig macPOMC cont 
maciPOMC 
cont 
macLFC 
cont 
macmsocC 
cont 
37 1 2 2 CT NB H NI 301.23 223.00 78.24 864.67 
38 1 2 2 NT NB L NI 449.58 388.35 61.24 600.38 
39 2 2 2 NT NB H NI 313.03 253.27 59.76 533.70 
40 2 2 2 CT NB H NI 402.16 350.12 52.03 1181.41 
41 3 2 2 NT NB L NI 314.26 265.45 48.81 571.99 
42 3 2 2 CT NB H NI 384.45 338.36 46.09 754.16 
43 1 2 2 CT NB L NI 394.09 327.22 66.86 593.53 
44 1 2 2 NT NB H NI 207.33 177.59 29.71 745.41 
45 2 2 2 NT NB L NI 361.24 300.33 60.90 462.36 
46 2 2 2 CT NB L NI 433.57 377.53 56.05 749.96 
47 3 2 2 NT NB H NI 433.42 365.28 68.14 1088.52 
48 3 2 2 CT NB L NI 514.05 421.84 92.21 422.99 
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Appendix C-Q. Raw data of coarse total particulate organic matter (POM) nitrogen (N) content 
(macPOMNcont; g N m2), coarse intra-POM N content (maciPOMNcont; g N m-2), coarse light 
fraction (LF) N content (macLFNcont; g N m-2) and coarse silt-clay N content (macmsocNcont; 
g N m-2) that was inserted into the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig macPOMNcont 
maciPOM
Ncont 
macLFN 
cont 
macmsocN 
cont 
1 1 1 1 CT NB H IR 110.73 36.85 29.38 7.47 
2 1 1 1 NT NB L IR 125.01 52.04 45.09 6.96 
3 2 1 1 NT NB H IR 120.34 35.66 31.17 4.49 
4 2 1 1 CT NB L IR 144.94 40.51 31.99 8.52 
5 3 1 1 NT NB L IR 108.89 39.36 33.35 6.01 
6 3 1 1 CT NB H IR 121.27 33.23 27.26 5.97 
7 1 1 1 CT NB L IR 135.84 43.22 35.88 7.35 
8 1 1 1 NT NB H IR 116.62 42.98 38.93 4.05 
9 2 1 1 NT NB L IR 120.87 46.36 40.30 6.05 
10 2 1 1 CT NB H IR 155.26 46.00 37.80 8.20 
11 3 1 1 NT NB H IR 128.95 33.52 27.76 5.76 
12 3 1 1 CT NB L IR 116.45 39.74 32.10 7.64 
13 1 1 2 CT B L IR 122.12 52.30 47.13 5.17 
14 1 1 2 NT B L IR 136.93 49.68 42.83 6.85 
15 2 1 2 NT B H IR 77.90 27.86 23.97 3.89 
16 2 1 2 CT B L IR 121.47 31.50 28.38 3.13 
17 3 1 2 NT B H IR 97.73 31.20 26.59 4.62 
18 3 1 2 CT B L IR 112.84 33.44 27.36 6.08 
19 1 1 2 CT B H IR 114.39 38.34 34.26 4.08 
20 1 1 2 NT B H IR 106.94 32.46 26.73 5.73 
21 2 1 2 NT B L IR 122.82 46.98 41.21 5.77 
22 2 1 2 CT B H IR 118.15 32.53 29.27 3.26 
23 3 1 2 NT B L IR 111.69 37.61 31.91 5.70 
24 3 1 2 CT B H IR 142.52 33.24 29.93 3.31 
25 1 2 1 CT B H NI 98.52 28.85 26.21 2.63 
26 1 2 1 NT B H NI 102.78 32.10 25.36 6.74 
27 2 2 1 NT B H NI 76.13 . . 3.52 
28 2 2 1 CT B L NI 104.75 26.58 25.63 0.94 
29 3 2 1 NT B H NI 81.46 21.25 16.99 4.25 
30 3 2 1 CT B L NI 82.29 14.38 11.57 2.81 
31 1 2 1 CT B L NI 93.76 27.76 24.17 3.59 
32 1 2 1 NT B L NI 93.84 8.72 5.03 3.68 
33 2 2 1 NT B L NI 81.38 24.35 18.76 5.59 
34 2 2 1 CT B H NI 106.14 22.98 17.03 5.94 
35 3 2 1 NT B L NI 61.77 17.88 14.95 2.93 
 
246 
 
Appendix C-Q (continued). 
 
plot tblock bblock iblock till burn fert irrig macPOMNcont 
maciPOM
Ncont 
macLFN 
cont 
macmsocN 
cont 
36 3 2 1 CT B H NI 78.92 24.03 21.56 2.47 
37 1 2 2 CT NB H NI 95.46 24.92 20.52 4.38 
38 1 2 2 NT NB L NI 115.85 32.99 29.18 3.81 
39 2 2 2 NT NB H NI 91.19 24.73 21.06 3.67 
40 2 2 2 CT NB H NI 116.96 32.05 28.89 3.17 
41 3 2 2 NT NB L NI 91.05 24.51 21.79 2.72 
42 3 2 2 CT NB H NI 106.27 27.63 24.80 2.83 
43 1 2 2 CT NB L NI 97.15 27.69 24.05 3.64 
44 1 2 2 NT NB H NI 84.96 18.20 16.65 1.55 
45 2 2 2 NT NB L NI 87.76 23.82 19.67 4.15 
46 2 2 2 CT NB L NI 122.74 30.85 27.85 3.00 
47 3 2 2 NT NB H NI 139.06 34.81 30.59 4.22 
48 3 2 2 CT NB L NI 104.12 30.91 25.31 5.60 
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Appendix C-R. Raw data of coarse total particulate organic matter (POM) C:N ratio by content 
(macPOMCNRcont), coarse intra-POM C:N ratio by content (maciPOMCNRcont), coarse light 
fraction (LF) C:N ratio by content (macLFCNRcont) and coarse silt-clay C:N ratio by content 
(macmsocCNRcont) that was inserted into the model statement of the SAS program in Appendix 
A and B. 
 
plot tblock bblock iblock till burn fert irrig macPOM CNRcont 
maciPOM 
CNRcont 
macLF 
CNRcont 
macmsoc 
CNRcont 
1 1 1 1 CT NB H IR 14.46 14.06 16.03 9.04 
2 1 1 1 NT NB L IR 13.15 12.45 17.64 9.37 
3 2 1 1 NT NB H IR 13.65 13.08 17.64 5.81 
4 2 1 1 CT NB L IR 12.16 10.98 16.58 9.42 
5 3 1 1 NT NB L IR 12.66 12.16 15.40 15.40 
6 3 1 1 CT NB H IR 15.44 15.26 16.27 10.59 
7 1 1 1 CT NB L IR 12.70 11.88 16.85 12.53 
8 1 1 1 NT NB H IR 12.29 11.78 17.25 9.55 
9 2 1 1 NT NB L IR 12.14 11.50 16.39 9.58 
10 2 1 1 CT NB H IR 12.94 12.11 16.75 6.02 
11 3 1 1 NT NB H IR 14.94 14.72 16.02 12.00 
12 3 1 1 CT NB L IR 11.97 11.09 15.66 9.57 
13 1 1 2 CT B L IR 14.61 14.61 18.49 8.30 
14 1 1 2 NT B L IR 12.75 11.84 18.41 10.09 
15 2 1 2 NT B H IR 14.62 13.94 18.85 6.03 
16 2 1 2 CT B L IR 12.58 11.89 18.85 9.96 
17 3 1 2 NT B H IR 14.50 13.91 17.85 6.21 
18 3 1 2 CT B L IR 13.64 12.65 18.13 9.56 
19 1 1 2 CT B H IR 14.76 14.49 17.01 11.42 
20 1 1 2 NT B H IR 14.14 12.83 20.25 6.95 
21 2 1 2 NT B L IR 11.70 10.90 17.35 11.78 
22 2 1 2 CT B H IR 14.80 14.11 21.02 7.11 
23 3 1 2 NT B L IR 13.03 12.32 17.00 10.61 
24 3 1 2 CT B H IR 13.03 12.30 19.62 7.51 
25 1 2 1 CT B H NI 15.15 14.77 18.97 7.98 
26 1 2 1 NT B H NI 15.35 14.80 17.39 6.66 
27 2 2 1 NT B H NI . . 18.97 . 
28 2 2 1 CT B L NI 13.51 13.27 20.46 8.91 
29 3 2 1 NT B H NI 17.48 17.02 19.38 12.88 
30 3 2 1 CT B L NI 16.20 15.20 20.44 7.57 
31 1 2 1 CT B L NI 13.90 12.97 20.19 11.20 
32 1 2 1 NT B L NI 15.65 13.62 18.38 10.37 
33 2 2 1 NT B L NI 14.78 13.64 18.59 12.24 
34 2 2 1 CT B H NI 12.33 11.16 15.72 5.13 
35 3 2 1 NT B L NI 14.40 13.26 20.23 6.16 
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Appendix C-R (continued). 
 
plot tblock bblock iblock till burn fert irrig macPOM CNRcont 
maciPOM 
CNRcont 
macLF 
CNRcont 
macmsoc 
CNRcont 
36 3 2 1 CT B H NI 15.72 15.36 18.89 6.58 
37 1 2 2 CT NB H NI 12.09 10.87 17.86 12.26 
38 1 2 2 NT NB L NI 13.63 13.31 16.07 7.24 
39 2 2 2 NT NB H NI 12.66 12.03 16.28 8.03 
40 2 2 2 CT NB H NI 12.55 12.12 16.41 13.91 
41 3 2 2 NT NB L NI 12.82 12.18 17.94 8.60 
42 3 2 2 CT NB H NI 13.91 13.64 16.29 9.59 
43 1 2 2 CT NB L NI 14.23 13.61 18.37 8.54 
44 1 2 2 NT NB H NI 11.39 10.67 19.17 11.17 
45 2 2 2 NT NB L NI 15.17 15.27 14.67 7.23 
46 2 2 2 CT NB L NI 14.05 13.56 18.68 8.16 
47 3 2 2 NT NB H NI 12.45 11.94 16.15 10.44 
48 3 2 2 CT NB L NI 16.63 16.67 16.47 5.78 
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Appendix C-S. Raw data of fine total particulate organic matter (POM) carbon (C) content 
(micPOMCcont; g C m2), fine intra-POM C content (miciPOMCcont; g C m-2), fine light 
fraction (LF) C content (micLFCcont; g C m-2) and fine silt-clay C content (micmsocCcont; g C 
m-2) that was inserted into the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig micPOMC cont 
miciPOMC
cont 
micLFC 
cont 
micmsocC 
cont 
1 1 1 1 CT NB H IR 79.51 66.37 13.15 192.23 
2 1 1 1 NT NB L IR 80.31 66.69 13.61 163.30 
3 2 1 1 NT NB H IR 96.14 87.23 8.91 215.47 
4 2 1 1 CT NB L IR 56.71 48.63 8.07 236.37 
5 3 1 1 NT NB L IR 70.21 59.01 11.22 184.77 
6 3 1 1 CT NB H IR 37.65 33.79 3.86 225.27 
7 1 1 1 CT NB L IR 71.29 64.48 6.81 211.24 
8 1 1 1 NT NB H IR 128.13 117.33 10.80 271.59 
9 2 1 1 NT NB L IR 123.06 112.89 10.18 267.15 
10 2 1 1 CT NB H IR 41.82 36.41 5.41 126.32 
11 3 1 1 NT NB H IR 86.24 72.96 13.28 244.81 
12 3 1 1 CT NB L IR 43.53 39.90 3.65 163.03 
13 1 1 2 CT B L IR 39.22 37.05 2.19 153.07 
14 1 1 2 NT B L IR 89.46 68.23 21.25 291.94 
15 2 1 2 NT B H IR 70.82 56.63 14.20 364.43 
16 2 1 2 CT B L IR 35.77 33.71 2.08 160.68 
17 3 1 2 NT B H IR 71.20 59.80 11.40 398.66 
18 3 1 2 CT B L IR 49.30 44.84 4.46 155.36 
19 1 1 2 CT B H IR 52.46 46.14 6.32 183.17 
20 1 1 2 NT B H IR 74.27 64.83 9.45 338.03 
21 2 1 2 NT B L IR 91.54 84.35 7.18 203.86 
22 2 1 2 CT B H IR 37.57 35.83 1.74 196.72 
23 3 1 2 NT B L IR 56.02 48.19 7.83 220.61 
24 3 1 2 CT B H IR 36.66 34.28 2.39 151.28 
25 1 2 1 CT B H NI 42.88 39.73 3.15 338.88 
26 1 2 1 NT B H NI 76.74 65.87 10.87 431.71 
27 2 2 1 NT B H NI 27.68 . . 500.23 
28 2 2 1 CT B L NI 46.60 37.07 9.52 225.54 
29 3 2 1 NT B H NI 42.50 35.78 6.73 330.29 
30 3 2 1 CT B L NI 137.16 135.62 1.53 182.94 
31 1 2 1 CT B L NI 51.04 47.03 4.01 251.38 
32 1 2 1 NT B L NI 205.40 198.33 7.05 220.99 
33 2 2 1 NT B L NI 56.01 49.68 6.33 270.48 
34 2 2 1 CT B H NI 36.91 32.72 4.20 211.03 
35 3 2 1 NT B L NI 45.10 41.89 3.22 309.87 
36 3 2 1 CT B H NI 40.73 36.30 4.42 252.20 
250 
 
Appendix C-S (continued). 
 
plot tblock bblock iblock till burn fert irrig micPOMC cont 
miciPOMC
cont 
micLFC 
cont 
micmsocC 
cont 
37 1 2 2 CT NB H NI 54.11 50.87 3.24 244.15 
38 1 2 2 NT NB L NI 46.35 43.74 2.62 219.17 
39 2 2 2 NT NB H NI 44.68 42.61 2.07 294.43 
40 2 2 2 CT NB H NI 32.81 29.99 2.83 185.75 
41 3 2 2 NT NB L NI 46.11 43.55 2.56 223.71 
42 3 2 2 CT NB H NI 53.41 52.28 1.12 205.09 
43 1 2 2 CT NB L NI 45.96 44.65 1.31 182.10 
44 1 2 2 NT NB H NI 44.34 42.09 2.25 369.47 
45 2 2 2 NT NB L NI 87.38 84.47 2.92 259.01 
46 2 2 2 CT NB L NI 53.18 50.05 3.14 194.67 
47 3 2 2 NT NB H NI 60.84 56.99 3.85 375.03 
48 3 2 2 CT NB L NI 49.24 45.59 3.66 184.83 
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Appendix C-T. Raw data of fine total particulate organic matter (POM) nitrogen (N) content 
(micPOMNcont; g N m2), fine intra-POM N content (miciPOMNcont; g N m-2), fine light 
fraction (LF) N content (micLFNcont; g N m-2) and fine silt-clay N content (micmsocNcont; g N 
m-2) that was inserted into the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig micPOMN cont 
miciPOMN 
cont 
micLFN 
cont 
micmsocN 
cont 
1 1 1 1 CT NB H IR 6.66 5.89 0.77 20.52 
2 1 1 1 NT NB L IR 7.83 7.07 0.77 19.64 
3 2 1 1 NT NB H IR 8.56 7.78 0.78 25.52 
4 2 1 1 CT NB L IR 5.12 4.90 0.22 24.19 
5 3 1 1 NT NB L IR 6.18 5.58 0.60 22.74 
6 3 1 1 CT NB H IR 3.06 2.73 0.33 21.78 
7 1 1 1 CT NB L IR 6.11 5.58 0.53 23.02 
8 1 1 1 NT NB H IR 11.68 11.03 0.65 28.01 
9 2 1 1 NT NB L IR 10.88 10.38 0.50 24.85 
10 2 1 1 CT NB H IR 3.07 2.63 0.45 14.78 
11 3 1 1 NT NB H IR 7.24 6.47 0.77 29.89 
12 3 1 1 CT NB L IR 3.99 3.79 0.19 20.03 
13 1 1 2 CT B L IR 3.30 2.91 0.38 15.42 
14 1 1 2 NT B L IR 7.41 6.37 1.04 24.37 
15 2 1 2 NT B H IR 4.66 3.98 0.68 39.98 
16 2 1 2 CT B L IR 2.72 2.49 0.23 18.64 
17 3 1 2 NT B H IR 4.18 3.56 0.62 43.77 
18 3 1 2 CT B L IR 4.31 3.99 0.32 20.65 
19 1 1 2 CT B H IR 3.32 2.95 0.37 18.91 
20 1 1 2 NT B H IR 5.34 4.73 0.60 34.89 
21 2 1 2 NT B L IR 8.07 7.60 0.47 23.48 
22 2 1 2 CT B H IR 2.58 2.31 0.27 18.30 
23 3 1 2 NT B L IR 4.67 4.12 0.54 21.27 
24 3 1 2 CT B H IR 2.67 2.45 0.21 18.22 
25 1 2 1 CT B H NI 2.94 2.67 0.27 27.60 
26 1 2 1 NT B H NI 5.09 4.42 0.67 41.13 
27 2 2 1 NT B H NI 2.09 . . 41.54 
28 2 2 1 CT B L NI 3.38 3.08 0.30 25.43 
29 3 2 1 NT B H NI 3.14 2.67 0.47 39.22 
30 3 2 1 CT B L NI 11.09 10.72 0.37 26.81 
31 1 2 1 CT B L NI 3.85 3.51 0.34 29.75 
32 1 2 1 NT B L NI 14.47 14.07 0.41 32.38 
33 2 2 1 NT B L NI 4.21 3.54 0.67 28.81 
34 2 2 1 CT B H NI 2.54 2.34 0.20 26.07 
35 3 2 1 NT B L NI 3.29 2.73 0.56 34.94 
36 3 2 1 CT B H NI 3.01 2.79 0.22 29.54 
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Appendix C-T (continued). 
 
plot tblock bblock iblock till burn fert irrig micPOMN cont 
miciPOMN 
cont 
micLFN 
cont 
micmsocN 
cont 
37 1 2 2 CT NB H NI 3.90 3.55 0.36 30.38 
38 1 2 2 NT NB L NI 3.92 3.77 0.15 24.19 
39 2 2 2 NT NB H NI 3.37 3.04 0.32 34.70 
40 2 2 2 CT NB H NI 2.31 2.08 0.23 24.19 
41 3 2 2 NT NB L NI 3.59 3.39 0.20 28.15 
42 3 2 2 CT NB H NI 3.81 3.65 0.15 24.22 
43 1 2 2 CT NB L NI 3.21 2.95 0.25 23.62 
44 1 2 2 NT NB H NI 3.05 2.85 0.20 44.10 
45 2 2 2 NT NB L NI 6.40 6.19 0.21 32.57 
46 2 2 2 CT NB L NI 3.82 3.67 0.16 25.68 
47 3 2 2 NT NB H NI 4.73 4.48 0.25 35.56 
48 3 2 2 CT NB L NI 3.50 3.20 0.30 24.87 
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Appendix C-U. Raw data of fine total particulate organic matter (POM) C:N ratio by content 
(micPOMCNRcont), fine intra-POM C:N ratio by content (miciPOMCNRcont), fine light 
fraction (LF) C:N ratio by content (micLFCNRcont) and fine silt-clay C:N ratio by content 
(micmsocCNRcont) that was inserted into the model statement of the SAS program in Appendix 
A and B. 
 
plot tblock bblock iblock till burn fert irrig micPOM CNRcont 
miciPOM 
CNRcont 
micLF 
CNRcont 
micmsocC
NRcont 
1 1 1 1 CT NB H IR 11.94 11.27 17.08 9.37 
2 1 1 1 NT NB L IR 10.26 9.43 17.68 8.31 
3 2 1 1 NT NB H IR 11.23 11.21 11.42 8.44 
4 2 1 1 CT NB L IR 11.08 9.92 36.68 9.77 
5 3 1 1 NT NB L IR 11.36 10.58 18.70 8.13 
6 3 1 1 CT NB H IR 12.30 12.38 11.70 10.34 
7 1 1 1 CT NB L IR 11.67 11.56 12.85 9.18 
8 1 1 1 NT NB H IR 10.97 10.64 16.62 9.70 
9 2 1 1 NT NB L IR 11.31 10.88 20.36 10.75 
10 2 1 1 CT NB H IR 13.62 13.84 12.02 8.55 
11 3 1 1 NT NB H IR 11.91 11.28 17.25 8.19 
12 3 1 1 CT NB L IR 10.91 10.53 19.21 8.14 
13 1 1 2 CT B L IR 11.88 12.73 5.76 9.93 
14 1 1 2 NT B L IR 12.07 10.71 20.43 11.98 
15 2 1 2 NT B H IR 15.20 14.23 20.88 9.12 
16 2 1 2 CT B L IR 13.15 13.54 9.04 8.62 
17 3 1 2 NT B H IR 17.03 16.80 18.39 9.11 
18 3 1 2 CT B L IR 11.44 11.24 13.94 7.52 
19 1 1 2 CT B H IR 15.80 15.64 17.08 9.69 
20 1 1 2 NT B H IR 13.91 13.71 15.75 9.69 
21 2 1 2 NT B L IR 11.34 11.10 15.28 8.68 
22 2 1 2 CT B H IR 14.56 15.51 6.44 10.75 
23 3 1 2 NT B L IR 12.00 11.70 14.50 10.37 
24 3 1 2 CT B H IR 13.73 13.99 11.38 8.30 
25 1 2 1 CT B H NI 14.59 14.88 11.67 12.28 
26 1 2 1 NT B H NI 15.08 14.90 16.22 10.50 
27 2 2 1 NT B H NI 13.24 . . 12.04 
28 2 2 1 CT B L NI 13.79 12.04 31.73 8.87 
29 3 2 1 NT B H NI 13.54 13.40 14.32 8.42 
30 3 2 1 CT B L NI 12.37 12.65 4.14 6.82 
31 1 2 1 CT B L NI 13.26 13.40 11.79 8.45 
32 1 2 1 NT B L NI 14.19 14.10 17.20 6.82 
33 2 2 1 NT B L NI 13.30 14.03 9.45 9.39 
34 2 2 1 CT B H NI 14.53 13.98 21.00 8.09 
35 3 2 1 NT B L NI 13.71 15.34 5.75 8.87 
254 
 
Appendix C-U (continued). 
 
plot tblock bblock iblock till burn fert irrig micPOM CNRcont 
miciPOM 
CNRcont 
micLF 
CNRcont 
micmsocC
NRcont 
36 3 2 1 CT B H NI 13.53 13.01 20.09 8.54 
37 1 2 2 CT NB H NI 13.87 14.33 9.00 8.04 
38 1 2 2 NT NB L NI 11.82 11.60 17.47 9.06 
39 2 2 2 NT NB H NI 13.26 14.02 6.47 8.49 
40 2 2 2 CT NB H NI 14.20 14.42 12.30 7.68 
41 3 2 2 NT NB L NI 12.84 12.85 12.80 7.95 
42 3 2 2 CT NB H NI 14.02 14.32 7.47 8.47 
43 1 2 2 CT NB L NI 14.32 15.14 5.24 7.71 
44 1 2 2 NT NB H NI 14.54 14.77 11.25 8.38 
45 2 2 2 NT NB L NI 13.65 13.65 13.90 7.95 
46 2 2 2 CT NB L NI 13.92 13.64 19.63 7.58 
47 3 2 2 NT NB H NI 12.86 12.72 15.40 10.55 
48 3 2 2 CT NB L NI 14.07 14.25 12.20 7.43 
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Appendix C-V. Raw data of total bacterial biomass concentration (TOTBAC; µg g-1 soil), total 
fungal biomass concentration (TOTFUN; µg g-1 soil), total fungal : total biomass ratio by 
concentration (TFTB) that was inserted into the model statement of the SAS program in 
Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig TOTBAC TOTFUN TFTB 
1 1 1 1 CT NB H IR 1103 552 0.50 
2 1 1 1 NT NB L IR 854 589 0.69 
3 2 1 1 NT NB H IR 1152 704 0.61 
4 2 1 1 CT NB L IR 2079 771 0.31 
5 3 1 1 NT NB L IR 1830 890 0.49 
6 3 1 1 CT NB H IR 1473 575 0.39 
7 1 1 1 CT NB L IR 2123 797 0.38 
8 1 1 1 NT NB H IR 1259 696 0.55 
9 2 1 1 NT NB L IR 1131 656 0.58 
10 2 1 1 CT NB H IR 1785 677 0.38 
11 3 1 1 NT NB H IR 906 720 0.79 
12 3 1 1 CT NB L IR 2042 542 0.27 
13 1 1 2 CT B L IR 1377 753 0.55 
14 1 1 2 NT B L IR 853 977 1.15 
15 2 1 2 NT B H IR 734 573 0.78 
16 2 1 2 CT B L IR 1412 954 0.68 
17 3 1 2 NT B H IR 1544 1018 0.66 
18 3 1 2 CT B L IR 1450 1066 0.74 
19 1 1 2 CT B H IR 1339 643 0.48 
20 1 1 2 NT B H IR 828 512 0.62 
21 2 1 2 NT B L IR 948 507 0.53 
22 2 1 2 CT B H IR 1738 940 0.54 
23 3 1 2 NT B L IR 948 491 0.50 
24 3 1 2 CT B H IR 1874 804 0.43 
25 1 2 1 CT B H NI 1499 609 0.41 
26 1 2 1 NT B H NI 992 529 0.53 
27 2 2 1 NT B H NI 1457 657 0.45 
28 2 2 1 CT B L NI 1473 615 0.42 
29 3 2 1 NT B H NI 1079 606 0.56 
30 3 2 1 CT B L NI 1658 712 0.43 
31 1 2 1 CT B L NI 1769 786 0.44 
32 1 2 1 NT B L NI 1854 452 0.24 
33 2 2 1 NT B L NI 1316 758 0.58 
34 2 2 1 CT B H NI 1537 750 0.49 
35 3 2 1 NT B L NI 2028 417 0.21 
36 3 2 1 CT B H NI 1424 366 0.26 
37 1 2 2 CT NB H NI 1338 426 0.32 
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Appendix C-V (continued). 
 
plot tblock bblock iblock till burn fert irrig TOTBAC TOTFUN TFTB 
38 1 2 2 NT NB L NI 2179 578 0.27 
39 2 2 2 NT NB H NI 1156 527 0.46 
40 2 2 2 CT NB H NI 1707 406 0.24 
41 3 2 2 NT NB L NI 1834 1097 0.60 
42 3 2 2 CT NB H NI 1793 696 0.39 
43 1 2 2 CT NB L NI 2006 577 0.29 
44 1 2 2 NT NB H NI 1985 453 0.23 
45 2 2 2 NT NB L NI 1366 712 0.52 
46 2 2 2 CT NB L NI 1393 593 0.43 
47 3 2 2 NT NB H NI 1046 421 0.40 
48 3 2 2 CT NB L NI 1409 432 0.31 
 
  
257 
 
Appendix C-W. Raw data of total bacterial biomass content (TOTBACCONT; kg ha-1 soil), 
total fungal biomass (TOTFUN; kg ha-1 soil), total fungal : total biomass ratio by content (TFTB) 
that was inserted into the model statement of the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn fert irrig TOTBACCONT TOTFUNCONT ACTBACCONT 
1 1 1 1 CT NB H IR 1400810 701040 28575 
2 1 1 1 NT NB L IR 930860 642010 36624 
3 2 1 1 NT NB H IR 1393920 851840 26620 
4 2 1 1 CT NB L IR 2619540 971460 63756 
5 3 1 1 NT NB L IR 2232600 1085800 43676 
6 3 1 1 CT NB H IR 1914900 747500 25350 
7 1 1 1 CT NB L IR 2696210 1012190 29591 
8 1 1 1 NT NB H IR 1510800 835200 18720 
9 2 1 1 NT NB L IR 1391130 806880 30627 
10 2 1 1 CT NB H IR 2391900 907180 13091.8 
11 3 1 1 NT NB H IR 1123440 892800 19468 
12 3 1 1 CT NB L IR 2736280 726280 23316 
13 1 1 2 CT B L IR 1776330 971370 33927 
14 1 1 2 NT B L IR 1117430 1279870 20174 
15 2 1 2 NT B H IR 932180 727710 24003 
16 2 1 2 CT B L IR 1793240 1211580 28575 
17 3 1 2 NT B H IR 2099840 1384480 39440 
18 3 1 2 CT B L IR 1899500 1396460 34060 
19 1 1 2 CT B H IR 1727310 829470 25155 
20 1 1 2 NT B H IR 1018440 629760 12669 
21 2 1 2 NT B L IR 1185000 633750 15750 
22 2 1 2 CT B H IR 2259400 1222000 42770 
23 3 1 2 NT B L IR 1213440 628480 13440 
24 3 1 2 CT B H IR 2586120 1109520 26910 
25 1 2 1 CT B H NI 1993670 809970 18487 
26 1 2 1 NT B H NI 1299520 692990 12104.4 
27 2 2 1 NT B H NI 1952380 880380 24790 
28 2 2 1 CT B L NI 1973820 824100 25058 
29 3 2 1 NT B H NI 1445860 812040 16884 
30 3 2 1 CT B L NI 2221720 954080 25594 
31 1 2 1 CT B L NI 2423530 1076820 30140 
32 1 2 1 NT B L NI 2521440 614720 14416 
33 2 2 1 NT B L NI 1737120 1000560 20724 
34 2 2 1 CT B H NI 2028840 990000 16500 
35 3 2 1 NT B L NI 2616120 537930 24381 
36 3 2 1 CT B H NI 1808480 464820 26670 
37 1 2 2 CT NB H NI 1605600 511200 25200 
38 1 2 2 NT NB L NI 2614800 693600 20160 
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Appendix C-W (continued). 
 
plot tblock bblock iblock till burn fert irrig TOTBACCONT TOTFUNCONT ACTBACCONT 
39 2 2 2 NT NB H NI 1340960 611320 25868 
40 2 2 2 CT NB H NI 2219100 527800 16250 
41 3 2 2 NT NB L NI 2127440 1272520 32828 
42 3 2 2 CT NB H NI 2259180 876960 19656 
43 1 2 2 CT NB L NI 2667980 767410 24605 
44 1 2 2 NT NB H NI 2640050 602490 8285.9 
45 2 2 2 NT NB L NI 1762140 918480 36120 
46 2 2 2 CT NB L NI 1908410 812410 33702 
47 3 2 2 NT NB H NI 1391180 559930 16625 
48 3 2 2 CT NB L NI 1902150 583200 16875 
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Appendix D. Example SAS program using microbial properties in Appendix E for effects of 
time using a one-factor ANOVA. 
 
title 'Johan Desrochers: Microbial biomass comparison (2002 to 2015)'; 
data MTD; 
 infile 'E:\Graduate School\Thesis\Research\Data\Microbial Biomass\Results\Organized 
Data\2002vs2015conc.csv' firstobs = 2 delimiter = ","; 
 input plot time totbac totfun totmicro totbaccont totfuncont totmicrocont; 
 label plot = 'Plot number' 
  time = 'Time (13 year difference)' 
  totbac = 'Total bacteria concentration 2002 vs 2015' 
  totfun = 'Total fungi concentration 2002 vs 2015' 
  totmicro = 'Total microbial concentration 2002 vs 2015' 
  totbaccont = 'Total bacteria content 2002 vs 2015' 
  totfuncont = 'Total fungi content 2002 vs 2015' 
  totmicrocont = 'Total microbial content 2002 vs 2015' 
  
run; 
 
proc print data = MTD ;  
quit ; 
 
 
title2 '2002 vs 2015 total bacteria concentration'; 
proc mixed data = MTD method = type3; 
 class time ; 
 model totbac =  
  time / ddfm=kenwardroger ; 
 
lsmeans time / diff ; 
 
quit; 
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Appendix E. Raw data of total bacterial biomass concentration (totbac; µg g-1 soil), total fungal 
biomass concentration (totfun; µg g-1 soil), total microbial concentration (totmicro; µg g-1 soil), 
total bacterial biomass content (totbaccont; kg ha-1 soil), total fungal biomass (totfuncont; kg ha-1 
soil) and total microbial content (totmicrocont; kg ha-1) that was inserted into the model 
statement of the SAS program in Appendix D. 2002 and 2015 data are differentiated by time ‘1’ 
and ‘2’, respectively. 
 
plot time totbac totfun totmicro totbaccont totfuncont totmicrocont 
3 1 154 288 442 197 368 565 
4 1 151 378 529 179 449 628 
9 1 191 244 435 232 297 529 
10 1 167 287 454 190 326 516 
15 1 145 302 447 157 327 484 
16 1 157 266 423 186 315 501 
21 1 171 232 403 204 277 481 
22 1 167 336 503 184 370 554 
27 1 171 212 383 215 266 481 
28 1 180 179 359 203 202 405 
29 1 163 201 364 192 237 429 
30 1 138 242 380 159 279 438 
33 1 158 199 357 194 245 439 
34 1 157 164 321 192 200 392 
35 1 134 149 283 167 185 352 
36 1 141 87.9 228.9 176 110 286 
39 1 149 266 415 180 321 501 
40 1 155 220 375 191 271 462 
41 1 171 171 342 213 213 426 
42 1 160 227 387 200 284 484 
45 1 250 303 553 302 366 668 
46 1 143 273 416 165 316 481 
47 1 158 245 403 194 301 495 
48 1 168 234 402 208 290 498 
3 2 1152 704 1856 1394 852 2246 
4 2 2079 771 2850 2620 972 3592 
9 2 1131 656 1787 1391 807 2198 
10 2 1785 677 2462 2392 907 3299 
15 2 734 573 1307 932 728 1660 
16 2 1412 954 2366 1793 1212 3005 
21 2 948 507 1455 1185 634 1819 
22 2 1738 940 2678 2259 1222 3481 
27 2 1457 657 2114 1952 880 2832 
28 2 1473 615 2088 1974 824 2798 
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Appendix E (continued). 
 
plot time totbac totfun totmicro totbaccont totfuncont totmicrocont 
29 2 1079 606 1685 1446 812 2258 
30 2 1658 712 2370 2222 954 3176 
33 2 1316 758 2074 1737 1001 2738 
34 2 1537 750 2287 2029 990 3019 
35 2 2028 417 2445 2616 538 3154 
36 2 1424 366 1790 1809 465 2274 
39 2 1156 527 1683 1341 611 1952 
40 2 1707 406 2113 2219 528 2747 
41 2 1834 1097 2931 2127 1273 3400 
42 2 1793 696 2489 2259 877 3136 
45 2 1366 712 2078 1762 919 2681 
46 2 1393 593 1986 1908 812 2720 
47 2 1046 421 1467 1391 560 1951 
48 2 1409 432 1841 1902 583 2485 
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Appendix F. Example SAS program using ‘ovalinfil’ in model statement used to analyze the 
data in Appendix H for year, residue-level, burn, tillage, and year treatment effects in a four-
factor ANOVA for a strip split model. 
 
title 'Johan Desrochers: ANOVA for strip-split analyses’; 
data DRINFIL; 
 infile ‘Double Ring four-way.csv' firstobs = 2 delimiter = ","; 
 input plot tblock bblock till $ brn $ fert $ yr vwc ovalinfil slope yint ; 
 label plot = 'Plot number' 
  tblock = 'Tillage block' 
  bblock = 'brn block' 
  till = 'Tillage' 
  brn = 'burning' 
  fert = 'Residue level' 
  yr = 'Year' 
  vwc = 'Volumetric Water Content' 
  ovalinfil = 'Overall Infiltration Rate (cm/hr)' 
  slope = 'Slope [LN(cm/hr) vs time(hr)]' 
  yint = 'Y-intercept [LN(cm/hr) vs time(hr)]' 
run; 
 
proc sort data = DRINFIL; by tblock bblock till plot ; 
quit; 
 
proc mixed data = DRINFIL method = type3; 
 class tblock bblock till brn fert yr ; 
 model ovalinfil =  
  till 
  fert 
  brn 
  yr 
  till*fert 
  till*brn 
  fert*brn 
  till*yr 
  fert*yr 
  brn*yr 
  till*fert*brn 
  till*fert*yr 
  till*brn*yr 
  fert*brn*yr 
  till*fert*brn*yr 
 
  vwc 
  vwc*till 
  vwc*fert 
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Appendix F (continued). 
 
  vwc*brn 
  vwc*yr 
  vwc*till*fert 
  vwc*till*brn 
  vwc*till*yr 
  vwc*fert*brn 
  vwc*fert*yr 
  vwc*brn*yr 
  vwc*till*fert*brn 
  vwc*till*fert*yr 
  vwc*till*brn*yr 
  vwc*fert*brn*yr 
  vwc*till*fert*brn*yr / ddfm=kenwardroger 
; 
 
random tblock tblock*till bblock bblock*brn tblock*bblock*till*brn 
    tblock*bblock*fert tblock*bblock*till*fert tblock*bblock*brn*fert ; 
 
lsmeans till / at vwc=0.227 diff ; 
lsmeans fert / at vwc=0.227 diff ; 
lsmeans brn / at vwc=0.227 diff ; 
lsmeans yr / at vwc=0.227 diff ; 
lsmeans till*fert / at vwc=0.227 diff ; 
lsmeans till*brn / at vwc=0.227 diff ; 
lsmeans fert*brn / at vwc=0.227 diff ; 
lsmeans till*yr / at vwc=0.227 diff ; 
lsmeans brn*yr / at vwc=0.227 diff ; 
lsmeans fert*yr / at vwc=0.227 diff ; 
lsmeans till*fert*brn / at vwc=0.227 diff ; 
lsmeans till*fert*yr / at vwc=0.227 diff ; 
lsmeans till*brn*yr / at vwc=0.227 diff ; 
lsmeans brn*fert*yr / at vwc=0.227 diff ; 
lsmeans till*fert*brn*yr / at vwc=0.227 diff ; 
 
quit; 
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Appendix G. Example SAS program using ‘ovalinfil’ in model statement used to analyze the 
data in Appendix H for year, residue-level, irrigation, tillage, and year treatment effects in a four-
factor ANOVA for a strip split model. 
 
title 'Johan Desrochers: ANOVA for strip-split analyses’; 
data DRINFIL; 
 infile ‘Double Ring four-way_Irrigation.csv' firstobs = 2 delimiter = ","; 
 input plot tblock iblock till $ irrig $ fert $ yr vwc ovalinfil slope yint ; 
 label plot = 'Plot number' 
  tblock = 'Tillage block' 
  iblock = 'Irrigation block' 
  till = 'Tillage' 
  irrig = 'Irrigation' 
  fert = 'Residue level' 
  yr = 'Year' 
  vwc = 'Volumetric Water Content' 
  ovalinfil = 'Overall Infiltration Rate (cm/hr)' 
  slope = 'Slope [LN(cm/hr) vs time(hr)]' 
  yint = 'Y-intercept [LN(cm/hr) vs time(hr)]' 
run; 
 
proc sort data = DRINFIL; by tblock iblock till plot ; 
quit; 
 
title2 'Overall Infiltration Rate (cm/hr)'; 
proc mixed data = DRINFIL;  
 class tblock iblock till irrig fert yr ; 
 model ovalinfil =  
  till 
  fert 
  irrig 
  yr 
  till*fert 
  till*irrig 
  fert*irrig 
  till*yr 
  fert*yr 
  irrig*yr 
  till*fert*irrig 
  till*fert*yr 
  till*irrig*yr 
  irrig*fert*yr 
  till*fert*irrig*yr 
 
  vwc 
  vwc*till 
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Appendix G (continued). 
 
  vwc*fert 
  vwc*irrig 
  vwc*yr 
  vwc*till*fert 
  vwc*till*irrig 
  vwc*till*yr 
  vwc*fert*irrig 
  vwc*fert*yr 
  vwc*irrig*yr 
  vwc*till*fert*irrig 
  vwc*till*fert*yr 
  vwc*till*irrig*yr 
  vwc*fert*irrig*yr 
  vwc*till*fert*irrig*yr / ddfm=kenwardroger 
; 
 
random tblock tblock*till iblock iblock*irrig tblock*iblock*till*irrig 
    tblock*iblock*fert tblock*iblock*till*fert tblock*iblock*irrig*fert ; 
 
lsmeans till / at vwc=0.227 diff ; 
lsmeans fert / at vwc=0.227 diff ; 
lsmeans irrig / at vwc=0.227 diff ; 
lsmeans yr / at vwc=0.227 diff ; 
lsmeans till*fert / at vwc=0.227 diff ; 
lsmeans till*irrig / at vwc=0.227 diff ; 
lsmeans fert*irrig / at vwc=0.227 diff ; 
lsmeans till*yr / at vwc=0.227 diff ; 
lsmeans irrig*yr / at vwc=0.227 diff ; 
lsmeans fert*yr / at vwc=0.227 diff ; 
lsmeans till*fert*irrig / at vwc=0.227 diff ; 
lsmeans till*fert*yr / at vwc=0.227 diff ; 
lsmeans till*irrig*yr / at vwc=0.227 diff ; 
lsmeans irrig*fert*yr / at vwc=0.227 diff ; 
lsmeans till*fert*irrig*yr / at vwc=0.227 diff ; 
 
quit; 
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Appendix H. Raw data of volumetric water content (VWC cm3 cm-3), falling-head overall 
infiltration rate (infil cm hr-1), slope and y-intercept that was inserted into the model statement of 
the SAS program in Appendix A and B. 
 
plot tblock bblock iblock till burn irrig fert yr vwc infil slope yint 
1 1 1 1 CT NB IR H 2015 0.218 1.05 -24.09 2.68 
2 1 1 1 NT NB IR L 2015 0.174 9.90 -5.40 2.99 
3 2 1 1 NT NB IR H 2015 0.188 7.35 -4.26 2.56 
4 2 1 1 CT NB IR L 2015 0.207 1.50 -0.31 0.91 
5 3 1 1 NT NB IR L 2015 0.215 3.30 0.55 1.09 
6 3 1 1 CT NB IR H 2015 0.243 0.45 -12.8 2.32 
7 1 1 1 CT NB IR L 2015 0.242 1.35 -6.27 2.07 
8 1 1 1 NT NB IR H 2015 0.191 9.90 -3.29 2.99 
9 2 1 1 NT NB IR L 2015 0.154 5.10 -8.04 2.87 
10 2 1 1 CT NB IR H 2015 0.208 3.30 -1.37 1.42 
11 3 1 1 NT NB IR H 2015 0.176 8.10 -3.42 2.60 
12 3 1 1 CT NB IR L 2015 0.252 0.30 . . 
13 1 1 2 CT B NI L 2015 0.240 1.20 -4.34 1.90 
14 1 1 2 NT B NI L 2015 0.191 3.60 -6.39 2.41 
15 2 1 2 NT B NI H 2015 0.265 0.90 -3.09 1.17 
16 2 1 2 CT B NI L 2015 0.277 0.75 -6.39 1.68 
17 3 1 2 NT B NI H 2015 0.260 1.20 -4.06 1.37 
18 3 1 2 CT B NI L 2015 0.257 0.60 -2.55 1.09 
19 1 1 2 CT B NI H 2015 0.265 0.45 -2.18 0.98 
20 1 1 2 NT B NI H 2015 0.203 1.20 -7.98 2.51 
21 2 1 2 NT B NI L 2015 0.226 3.60 -2.51 1.57 
22 2 1 2 CT B NI H 2015 0.256 1.05 -4.17 1.23 
23 3 1 2 NT B NI L 2015 0.250 0.15 . . 
24 3 1 2 CT B NI H 2015 0.246 0.30 . . 
25 1 2 1 CT B IR H 2015 0.252 0.90 -1.82 0.98 
26 1 2 1 NT B IR H 2015 0.187 1.80 -5.70 1.62 
27 2 2 1 NT B IR H 2015 0.213 1.95 -5.88 1.49 
28 2 2 1 CT B IR L 2015 0.237 4.8 -6.78 2.54 
29 3 2 1 NT B IR H 2015 0.264 0.30 1.00E-12 1.10 
30 3 2 1 CT B IR L 2015 0.219 8.85 -4.30 2.87 
31 1 2 1 CT B IR L 2015 0.230 0.90 -7.82 1.57 
32 1 2 1 NT B IR L 2015 0.225 1.20 -6.17 1.44 
33 2 2 1 NT B IR L 2015 0.228 4.95 -5.98 2.40 
34 2 2 1 CT B IR H 2015 0.199 2.70 -2.05 1.30 
35 3 2 1 NT B IR L 2015 0.244 1.35 -5.42 1.53 
36 3 2 1 CT B IR H 2015 0.214 0.90 -4.42 1.30 
37 1 2 2 CT NB NI H 2015 0.229 2.55 -4.26 1.53 
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Appendix H (continued). 
 
plot tblock bblock iblock till burn irrig fert yr vwc infil slope yint 
38 1 2 2 NT NB NI L 2015 0.237 0.75 -4.10 1.03 
39 2 2 2 NT NB NI H 2015 0.196 0.75 -5.60 1.34 
40 2 2 2 CT NB NI H 2015 0.265 1.20 -3.29 1.04 
41 3 2 2 NT NB NI L 2015 0.247 1.95 -4.53 1.41 
42 3 2 2 CT NB NI H 2015 0.228 0.90 -3.49 1.18 
43 1 2 2 CT NB NI L 2015 0.232 0.15 . . 
44 1 2 2 NT NB NI H 2015 0.215 1.20 -3.26 1.20 
45 2 2 2 NT NB NI L 2015 0.228 1.35 -4.35 1.36 
46 2 2 2 CT NB NI L 2015 0.243 0.60 -3.73 0.85 
47 3 2 2 NT NB NI H 2015 0.232 2.55 -2.67 1.49 
48 3 2 2 CT NB NI L 2015 0.232 0.45 -5.97 1.33 
1 1 1 1 CT NB IR H 2012 0.337 0.90 -6.40 2.15 
2 1 1 1 NT NB IR L 2012 0.346 3.30 -8.16 2.67 
3 2 1 1 NT NB IR H 2012 0.326 1.50 -7.06 2.25 
4 2 1 1 CT NB IR L 2012 0.345 0.90 1.93 0.70 
5 3 1 1 NT NB IR L 2012 0.347 1.50 -5.77 1.89 
6 3 1 1 CT NB IR H 2012 0.296 1.50 -4.81 1.98 
7 1 1 1 CT NB IR L 2012 0.356 0.30 . . 
8 1 1 1 NT NB IR H 2012 0.307 2.40 -7.95 2.72 
9 2 1 1 NT NB IR L 2012 0.268 4.50 -3.50 2.36 
10 2 1 1 CT NB IR H 2012 0.329 2.10 -5.99 2.23 
11 3 1 1 NT NB IR H 2012 0.330 6.00 -2.31 2.27 
12 3 1 1 CT NB IR L 2012 0.323 2.10 -3.41 1.98 
13 1 1 2 CT B NI L 2012 0.332 0.60 -5.00E-14 1.79 
14 1 1 2 NT B NI L 2012 0.333 1.20 -4.49 1.95 
15 2 1 2 NT B NI H 2012 0.341 3.00 -6.11 2.20 
16 2 1 2 CT B NI L 2012 0.358 1.20 -4.65 1.98 
17 3 1 2 NT B NI H 2012 0.353 3.00 -7.51 3.04 
18 3 1 2 CT B NI L 2012 0.328 2.10 -3.83 2.15 
19 1 1 2 CT B NI H 2012 0.303 10.5 -3.10 2.62 
20 1 1 2 NT B NI H 2012 0.325 6.60 -1.84 2.15 
21 2 1 2 NT B NI L 2012 0.315 4.50 -3.48 2.26 
22 2 1 2 CT B NI H 2012 0.34 3.90 -5.00 2.34 
23 3 1 2 NT B NI L 2012 0.303 3.00 -6.69 2.21 
24 3 1 2 CT B NI H 2012 0.328 5.10 -5.77 2.61 
25 1 2 1 CT B IR H 2012 0.334 1.20 -5.18 1.79 
26 1 2 1 NT B IR H 2012 0.265 3.30 -7.78 2.81 
27 2 2 1 NT B IR H 2012 0.299 1.20 -4.75 1.95 
28 2 2 1 CT B IR L 2012 0.316 1.80 -5.69 1.84 
29 3 2 1 NT B IR H 2012 0.277 2.10 -3.55 1.94 
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Appendix H (continued). 
 
plot tblock bblock iblock till burn irrig fert yr vwc infil slope yint 
30 3 2 1 CT B IR L 2012 0.304 1.80 -0.39 1.99 
31 1 2 1 CT B IR L 2012 0.285 1.20 -2.01 1.76 
32 1 2 1 NT B IR L 2012 0.342 0.30 . . 
33 2 2 1 NT B IR L 2012 0.322 1.80 -9.78 2.57 
34 2 2 1 CT B IR H 2012 0.339 1.50 -3.57 1.91 
35 3 2 1 NT B IR L 2012 0.303 0.90 -4.14 1.79 
36 3 2 1 CT B IR H 2012 0.314 2.10 -4.85 2.30 
37 1 2 2 CT NB NI H 2012 0.354 0.60 . . 
38 1 2 2 NT NB NI L 2012 0.319 1.20 -7.25 2.40 
39 2 2 2 NT NB NI H 2012 0.337 2.10 -8.15 2.84 
40 2 2 2 CT NB NI H 2012 0.334 1.50 -4.94 1.97 
41 3 2 2 NT NB NI L 2012 0.341 1.80 -4.23 2.10 
42 3 2 2 CT NB NI H 2012 0.271 9.30 1.04 2.08 
43 1 2 2 CT NB NI L 2012 0.337 1.80 -4.59 2.11 
44 1 2 2 NT NB NI H 2012 0.328 2.40 -2.61 1.72 
45 2 2 2 NT NB NI L 2012 0.346 1.20 -6.03 2.09 
46 2 2 2 CT NB NI L 2012 0.358 0.90 -6.64 1.82 
47 3 2 2 NT NB NI H 2012 0.355 0.90 -5.92 2.07 
48 3 2 2 CT NB NI L 2012 0.296 1.50 -3.57 1.64 
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Appendix I. Example SAS program using ‘vwc15’ in model statement used to analyze the data 
in Appendix K for burn and tillage treatment effects in 2012 and 2015 in a two-factor ANOVA 
for a strip split model. 
 
title ‘Johan Desrochers: ANOVA for strip-split analyses’; 
data MDINFIL; 
 infile 'Mini-Disk Infiltration.csv' firstobs = 2 delimiter = ","; 
 input plot rep tblock bblock till $ brn $ vwc12 vwc15 vwcdiff ovalinfil12 ovalinfil15 
ovalinfildiff slope12 slope15 yint12 yint15 ; 
 label plot = 'Plot number' 
  rep = 'Replicate' 
  tblock = 'Tillage block' 
  bblock = 'brn block' 
  till = 'Tillage' 
  brn = 'burning' 
  vwc12 = 'Volumetric Water Content 2012' 
  vwc15 = 'Volumetric Water Content 2015' 
  vwcdiff = 'Volumetric Water Cotent Difference (2015-2012)' 
  ovalinfil12 = 'Overall Infiltration Rate 2012 (cm/hr)' 
  ovalinfil15 = 'Overall Infiltration Rate 2015 (cm/hr)' 
  ovalinfildiff = 'Overall Infiltration Rate (cm/hr; 2015-2012)' 
  slope12 = 'Slope 2012 [LN(cm/hr) vs time(hr)]' 
  slope15 = 'Slope 2015 [LN(cm/hr) vs time(hr)]' 
  yint12 = 'Y-intercept 2012 [LN(cm/hr) vs time(hr)]' 
  yint15 = 'Y-intercept 2015 [LN(cm/hr) vs time(hr)]' 
run; 
 
proc sort data = MDINFIL; by tblock bblock till plot ; 
quit; 
 
proc mixed data = MDINFIL method = type3; 
 class tblock bblock till brn ; 
 model vwc15 =  
  till 
  brn 
  till*brn / ddfm=kenwardroger 
; 
 
random tblock tblock*till bblock bblock*brn tblock*bblock*till*brn ; 
 
lsmeans till / diff ; 
lsmeans brn / diff ; 
lsmeans till*brn / diff ; 
 
quit; 
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Appendix J. Example SAS program using ‘vwc12’ in model statement used to analyze the data 
in Appendix K for irrigation and tillage treatment effects in 2012 and 2015 in a two-factor 
ANOVA for a strip split model. 
 
title ‘Johan Desrochers: ANOVA for strip-split analyses’; 
data MDINFIL; 
 infile 'Mini-Disk Infiltration_Irrigation.csv' firstobs = 2 delimiter = ","; 
 input plot rep tblock iblock till $ irrig $ vwc12 vwc15 vwcdiff ovalinfil12 ovalinfil15 
ovalinfildiff slope12 slope15 yint12 yint15 ; 
 label plot = 'Plot number' 
  rep = 'Replicate' 
  tblock = 'Tillage block' 
  iblock = 'Irrigation block' 
  till = 'Tillage' 
  irrig = 'Irrigation' 
  vwc12 = 'Volumetric Water Content 2012' 
  vwc15 = 'Volumetric Water Content 2015' 
  vwcdiff = 'Volumetric Water Cotent Difference (2015-2012)' 
  ovalinfil12 = 'Overall Infiltration Rate 2012 (cm/hr)' 
  ovalinfil15 = 'Overall Infiltration Rate 2015 (cm/hr)' 
  ovalinfildiff = 'Overall Infiltration Rate (cm/hr; 2015-2012)' 
  slope12 = 'Slope 2012 [LN(cm/hr) vs time(hr)]' 
  slope15 = 'Slope 2015 [LN(cm/hr) vs time(hr)]' 
  yint12 = 'Y-intercept 2012 [LN(cm/hr) vs time(hr)]' 
  yint15 = 'Y-intercept 2015 [LN(cm/hr) vs time(hr)]' 
run; 
 
proc sort data = MDINFIL; by tblock iblock till plot ; 
quit; 
 
proc mixed data = MDINFIL method = type3; 
 class tblock iblock till irrig ; 
 model vwc15 =  
  till 
  irrig 
  till*irrig / ddfm=kenwardroger 
; 
 
random tblock tblock*till iblock iblock*irrig tblock*iblock*till*irrig ; 
 
lsmeans till / diff ; 
lsmeans irrig / diff ; 
lsmeans till*irrig / diff ; 
 
quit;  
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Appendix K. Raw data of tension infiltration for volumetric water content (VWC cm3 cm-3), 
overall infiltration rate (infil cm hr-1), slope (x) and y-intercept (yint) in 2012 and 2015 that was 
inserted into the model statement of the SAS program in Appendix D and E. 
 
plot rep tblock bblock iblock till burn irrig vwc12 vwc15 infil12 infil15 x12 x15 yint12 yin15 
1 1 1 1 1 CT NB IR 0.475 0.256 27.12 19.21 4.34 -1.00 2.47 3.12 
1 2 1 1 1 CT NB IR 0.454 0.228 0.85 10.73 -8.27 -1.05 2.49 2.5 
3 1 2 1 1 NT NB IR 0.486 0.142 20.90 25.99 2.28 -2.63 2.64 3.65 
3 2 2 1 1 NT NB IR 0.464 0.158 23.16 11.86 2.08 -2.81 2.76 2.85 
6 1 3 1 1 CT NB IR 0.416 0.231 1.13 45.76 4.00E-12 -0.30 1.33 3.88 
6 2 3 1 1 CT NB IR 0.396 0.205 3.39 23.16 -1.66 -1.20 1.64 3.36 
8 1 1 1 1 NT NB IR 0.472 0.147 12.43 22.03 0.72 -1.35 2.34 3.31 
8 2 1 1 1 NT NB IR 0.459 0.162 25.99 26.27 7.93 -1.33 1.63 3.49 
10 1 2 1 1 CT NB IR 0.458 0.214 5.65 7.91 0.69 -2.05 1.69 2.46 
10 2 2 1 1 CT NB IR 0.445 0.209 45.20 45.20 4.52 -1.08 2.95 3.99 
11 1 3 1 1 NT NB IR 0.463 0.181 9.04 15.82 1.05 0.68 2.02 2.40 
11 2 3 1 1 NT NB IR 0.463 0.173 1.69 13.56 -0.83 -0.32 1.27 2.62 
15 1 2 1 2 NT B NI 0.429 0.200 4.52 8.47 5.14 -1.02 0.07 2.38 
15 2 2 1 2 NT B NI 0.417 0.226 5.65 16.95 2.76 -0.68 1.36 2.90 
17 1 3 1 2 NT B NI 0.407 0.247 0.56 9.04 -9.73 -3.07 2.82 2.66 
17 2 3 1 2 NT B NI 0.386 0.257 0.56 10.73 -9.73 -2.41 -2.04 2.90 
19 1 1 1 2 CT B NI 0.453 0.249 1.13 2.26 -3.39 -3.93 1.87 2.26 
19 2 1 1 2 CT B NI 0.449 0.226 12.71 5.37 4.81 -4.93 1.63 2.26 
20 1 1 1 2 NT B NI 0.442 0.214 8.47 14.69 1.91 -1.52 1.93 2.90 
20 2 1 1 2 NT B NI 0.411 0.195 5.93 7.91 1.99 -2.47 1.53 2.41 
22 1 2 1 2 CT B NI 0.478 0.284 0.28 2.26 . -5.37 . 2.51 
22 2 2 1 2 CT B NI 0.432 0.262 8.47 0.00 -1.50 . 2.67 . 
24 1 3 1 2 CT B NI 0.438 0.230 6.21 24.29 4.26 -1.57 1.80 3.42 
24 2 3 1 2 CT B NI 0.451 0.252 14.12 7.34 2.77 -0.45 2.17 2.21 
25 1 1 2 1 CT B IR 0.446 0.199 3.95 7.34 -1.54 -0.74 2.14 2.13 
25 2 1 2 1 CT B IR 0.424 0.220 2.82 8.19 -5.78 0.05 2.81 2.09 
26 1 1 2 1 NT B IR 0.407 0.219 26.27 13.28 8.42 -0.43 1.12 2.64 
26 2 1 2 1 NT B IR 0.425 0.23 16.67 7.91 5.01 -2.37 1.98 2.47 
27 1 2 2 1 NT B IR 0.418 0.232 1.41 7.34 0.50 -2.64 0.69 2.48 
27 2 2 2 1 NT B IR 0.415 0.185 1.13 17.23 
-
4.00
E-13 
-1.02 1.33 3.02 
29 1 3 2 1 NT B IR 0.421 0.225 1.98 11.02 -0.19 -1.69 1.56 2.54 
29 2 3 2 1 NT B IR 0.425 0.209 0.28 9.04 . -2.09 . 2.48 
34 1 2 2 1 CT B IR 0.447 0.194 0.00 23.73 . -1.38 . 3.40 
34 2 2 2 1 CT B IR 0.435 0.235 0.00 4.24 . -1.61 . 1.94 
36 1 3 2 1 CT B IR 0.411 0.192 3.11 9.60 7.24 -3.34 -0.15 2.74 
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Appendix K (continued). 
 
plot rep tblock bblock iblock till burn irrig vwc12 vwc15 infil12 infil15 x12 x15 yint12 yin15 
36 2 3 2 1 CT B IR 0.399 0.216 0.00 4.52 . 1.47 . 1.59 
37 1 1 2 2 CT NB NI 0.449 0.210 6.21 11.86 4.75 -0.25 1.16 2.51 
37 2 1 2 2 CT NB NI 0.459 0.237 12.43 3.95 3.89 -2.83 1.81 1.94 
39 1 2 2 2 NT NB NI 0.436 0.221 17.51 9.60 1.11 -1.69 2.60 2.58 
39 2 2 2 2 NT NB NI 0.448 0.238 23.73 8.19 2.03 -4.38 2.78 2.75 
40 1 2 2 2 CT NB NI 0.438 0.201 14.12 7.06 1.74 -1.24 2.41 2.28 
40 2 2 2 2 CT NB NI 0.443 0.237 1.41 3.39 -2.62 0.28 1.64 1.47 
42 1 3 2 2 CT NB NI 0.451 0.226 11.30 7.91 -0.03 -0.84 2.55 2.18 
42 2 3 2 2 CT NB NI 0.385 0.203 12.71 12.15 1.91 -1.76 2.31 2.76 
44 1 1 2 2 NT NB NI 0.427 0.209 9.60 11.86 1.92 -4.75 1.87 3.01 
44 2 1 2 2 NT NB NI 0.461 0.226 20.90 23.45 -0.03 -3.38 2.89 3.67 
47 1 3 2 2 NT NB NI 0.426 0.205 48.02 6.78 0.27 -5.55 3.78 2.88 
47 2 3 2 2 NT NB NI 0.432 0.223 32.49 6.78 2.38 -1.68 3.37 2.24 
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Appendix L. Example SAS program using ‘SOM15’ in model statement used to analyze the 
data in Appendix N for burn, tillage and residue-level treatment effects in 2012 and 2015 in a 
three-factor ANOVA for a strip split model. 
 
title ‘Johan Desrochers: ANOVA for strip-split analyses’; 
data SOILPROP; 
 infile 'E:\Graduate School\Thesis\Research\Data\Infiltration\Organized Data\Soil 
Properties\Infiltration_soil chemical proerties_irrig.csv' firstobs = 2 delimiter = ","; 
 input plot tblock iblock till $ irrig $ fert $ SOM15 BD15 BD12 ; 
 label plot = 'Plot number' 
  tblock = 'Tillage block' 
  iblock = 'Irrigation block' 
  till = 'Tillage' 
  irrig = 'Irrigation' 
  fert = 'Residue level' 
  SOM15 = '2015 soil organic matter' 
  BD15 = '2015 Bulk Density' 
  BD12 = '2012 Bulk Density' 
run; 
 
proc sort data = SOILPROP; by tblock iblock till plot ; 
quit; 
 
title2 '2015 soil organic matter (%)'; 
proc mixed data = SOILPROP method = type3; 
 class tblock iblock till irrig fert ; 
 model SOM15 =  
  till 
  fert 
  irrig 
  till*fert 
  till*irrig 
  fert*irrig 
  till*fert*irrig / ddfm=kenwardroger ; 
 
random tblock tblock*till iblock iblock*irrig tblock*iblock*till*irrig 
    tblock*iblock*fert tblock*iblock*till*fert tblock*iblock*irrig*fert ; 
 
lsmeans till / diff ; 
lsmeans fert / diff ; 
lsmeans irrig / diff ; 
lsmeans till*fert / diff ; 
lsmeans till*irrig / diff ; 
lsmeans fert*irrig / diff ; 
lsmeans till*fert*irrig / diff ; 
quit; 
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Appendix M. Example SAS program using ‘SOM15’ in model statement used to analyze the 
data in Appendix N for irrigation, tillage and residue-level treatment effects in 2012 and 2015 in 
a three-factor ANOVA for a strip split model. 
 
title ‘Johan Desrochers: ANOVA for strip-split analyses’; 
data SOILPROP; 
 infile 'E:\Graduate School\Thesis\Research\Data\Infiltration\Organized Data\Soil 
Properties\Infiltration_soil chemical proerties_irrig.csv' firstobs = 2 delimiter = ","; 
 input plot tblock iblock till $ irrig $ fert $ SOM15 BD15 BD12 ; 
 label plot = 'Plot number' 
  tblock = 'Tillage block' 
  iblock = 'Irrigation block' 
  till = 'Tillage' 
  irrig = 'Irrigation' 
  fert = 'Residue level' 
  SOM15 = '2015 soil organic matter' 
  BD15 = '2015 Bulk Density' 
  BD12 = '2012 Bulk Density' 
run; 
 
proc sort data = SOILPROP; by tblock iblock till plot ; 
quit; 
 
title2 '2015 soil organic matter (%)'; 
proc mixed data = SOILPROP method = type3; 
 class tblock iblock till irrig fert ; 
 model SOM15 =  
  till 
  fert 
  irrig 
  till*fert 
  till*irrig 
  fert*irrig 
  till*fert*irrig / ddfm=kenwardroger ; 
 
random tblock tblock*till iblock iblock*irrig tblock*iblock*till*irrig 
    tblock*iblock*fert tblock*iblock*till*fert tblock*iblock*irrig*fert ; 
 
lsmeans till / diff ; 
lsmeans fert / diff ; 
lsmeans irrig / diff ; 
lsmeans till*fert / diff ; 
lsmeans till*irrig / diff ; 
lsmeans fert*irrig / diff ; 
lsmeans till*fert*irrig / diff ; 
quit; 
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Appendix N. Raw data of 2015 soil organic matter (SOM15 %), 2015 bulk density (BD15 g cm-
3) and 2012 bulk density (BD12 g cm-3) that was inserted into the model statement of the SAS 
program in Appendix G and H. 
 
plot tblock bblock iblock till burn irrig fert SOM15 BD15 BD12 
1 1 1 1 CT NB IR H 1.99 1.27 1.30 
2 1 1 1 NT NB IR L 2.23 1.09 1.23 
3 2 1 1 NT NB IR H 2.31 1.21 1.28 
4 2 1 1 CT NB IR L 2.42 1.26 1.24 
5 3 1 1 NT NB IR L 1.84 1.22 1.32 
6 3 1 1 CT NB IR H 2.27 1.30 1.26 
7 1 1 1 CT NB IR L 2.18 1.27 1.29 
8 1 1 1 NT NB IR H 2.42 1.20 1.27 
9 2 1 1 NT NB IR L 2.76 1.23 1.29 
10 2 1 1 CT NB IR H 1.92 1.34 1.25 
11 3 1 1 NT NB IR H 2.16 1.24 1.27 
12 3 1 1 CT NB IR L 2.38 1.34 1.25 
13 1 1 2 CT B IR L 2.31 1.29 1.32 
14 1 1 2 NT B IR L 1.72 1.31 1.25 
15 2 1 2 NT B IR H 2.60 1.27 1.28 
16 2 1 2 CT B IR L 2.38 1.27 1.28 
17 3 1 2 NT B IR H 2.54 1.36 1.27 
18 3 1 2 CT B IR L 2.42 1.31 1.30 
19 1 1 2 CT B IR H 2.07 1.29 1.28 
20 1 1 2 NT B IR H 2.33 1.23 1.30 
21 2 1 2 NT B IR L 1.98 1.25 1.29 
22 2 1 2 CT B IR H 2.26 1.30 1.25 
23 3 1 2 NT B IR L 2.26 1.28 1.27 
24 3 1 2 CT B IR H 2.29 1.38 1.29 
25 1 2 1 CT B NI H 2.11 1.33 1.27 
26 1 2 1 NT B NI H 2.37 1.31 1.33 
27 2 2 1 NT B NI H 2.26 1.34 1.36 
28 2 2 1 CT B NI L 2.17 1.34 1.31 
29 3 2 1 NT B NI H 2.56 1.34 1.33 
30 3 2 1 CT B NI L 2.23 1.34 1.30 
31 1 2 1 CT B NI L 2.29 1.37 1.24 
32 1 2 1 NT B NI L 2.31 1.36 1.33 
33 2 2 1 NT B NI L 2.39 1.32 1.28 
34 2 2 1 CT B NI H 2.15 1.32 1.32 
35 3 2 1 NT B NI L 2.43 1.29 1.25 
36 3 2 1 CT B NI H 2.12 1.27 1.28 
37 1 2 2 CT NB NI H 2.68 1.20 1.20 
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Appendix N (continued). 
 
plot tblock bblock iblock till burn irrig fert SOM15 BD15 BD12 
38 1 2 2 NT NB NI L 2.37 1.20 1.20 
39 2 2 2 NT NB NI H 2.45 1.16 1.32 
40 2 2 2 CT NB NI H 2.82 1.3 1.27 
41 3 2 2 NT NB NI L 2.12 1.16 1.35 
42 3 2 2 CT NB NI H 2.46 1.26 1.20 
43 1 2 2 CT NB NI L 2.46 1.33 1.26 
44 1 2 2 NT NB NI H 2.27 1.33 1.31 
45 2 2 2 NT NB NI L 2.31 1.29 1.28 
46 2 2 2 CT NB NI L 2.26 1.37 1.24 
47 3 2 2 NT NB NI H 2.77 1.33 1.25 
48 3 2 2 CT NB NI L 2.27 1.35 1.28 
 
 
 
 
 
 
 
 
